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PREFACE 

TO 

THE SECOND EDITION. 



In this Edition, such corrections and additions 

as seemed necessary have been inserted. . But little 

alteration has been made in the chapter on the 

optical properties of minerals, since the subject will 

be more fully expounded in the Text-Books of Light 

and Mineralogy which will shortly be published in 

this series. A table of the extinctions in the Felspars 

is added at p. 310, Appendix B. 

F. R. 
F'ebruary 1880. 
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The rapid advance of Petrological study during the 
last few years has rendered it imperative that some 
English text-book should be written for the guidance 
of students in this branch of science. Several good 
manuals of petrology have recently been published 
on the Continent ; but, hitherto, comparatively little 
has been done, in this country, to supply elemen- 
tary instruction in the systematic study of rocks. 
The application of the microscope, in this special 
branch of geology, has of late years afforded more 
precise information, concerning the mineral constitu- 
tion and minute structure of rocks, than it was pos- 
sible to acquire by the older methods of research ; 
and, in this book, I have endeavoured to give a clear 
explanation of the method of preparing sections of 
rock for microscopic examination, as well as a de- 
scription of the microscopic characters of the most 
important rock-forming minerals, upon the identifi- 
cation of which the determination of the precise 
character of a rock is necessarily based. I have 
been compelled to make very free ms^ ol icyt€v^ 
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works on petrology, especially those of Zirkel, Rosen- 
busch, and Von Lasaulx, and I have also extracted 
much information from other foreign and British 
publications. In all instances I have endeavoured 
to indicate the sources from which the information 
has been derived, and in this respect I trust that 
no injustice has been done to any author. I am 
also greatly indebted to Professor A. Renard, of the 
Royal Museum in Brussels, for the revision of one or 
two chapters and for many useful hints. I would 
especially thank Professor John Morris for his kind- 
ness in voluntarily undertaking the revision of the 
entire work ; indeed I cannot adequately express my 
obligation to him for his friendly and valuable cri- 
ticisms. 

Professor Zirkel has kindly given me permission 
to copy some of the microscopic drawings from his 
works, and has also assisted me by sending me some 
of his publications. 

To Professors J. W. Judd, A. H. Green, and T. 
G. Bonney, and to Messrs. H. W. Bristow, J. A. 
Phillips, H. Bauerman, S. Allport, W. Chandler 
Roberts, Trenham Reeks, E. Best, T. V. Holmes, 
and others, I am also indebted for information or 
for specimens which have helped me in the prosecu- 
tion of my work, while from the Editor, Mr. G. W. 
Merrificld, I have received a multitude of useful 
suggestions. 

My that "M.t, "E.. T . ^^\^oTv, 
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^^^■Astant Naturalist to the Geological Survey, for 
^Hrane interesting notes on his method of preparing 
microscopic sections of coal, and to Mr. J, B. Jordan, 
of the Mining Record Office, for the revision of the 
chapter on the preparation of microscopic sections, 
and for the use of the wood-block representing the 
construction of his section -cut ting machine. 

In the classification I have to some extent deviated 
from the systems commonly adopted ; and, in the 
general treatment of the different subjects, original 
ideas and observations are more or less plentifully 
interwoven with the information derived from books. 

From the hmited size of this work I have neces- 
sarily been compelled to treat certain portions of the 
subject with brevity, but I trust that nothing of 
importance to the student has been omitted, 

I have intentionally avoided anything more than 
casual references to localities where particular rocks 
occur, and have preferred to devote additional space 
to the descriptions of the typical rocks themselves. 

If I appear to have entered too much into micro- 
scopical details, I can merely observe that nature 
makes no difference between great and small ; that 
the great features which diversify the earth's surface, 
and which appear stupendous to our finite perceptions, 
are absurdly trivia! when compared with the dimcn- 

Isions of the globe itself, while the latter, in relation 
to the sun, is a mere speck. Minute strurtutc ^tvft. 
gross are alike governed in their devdopmetvt \)v "iiu 

' "^ '■ -^ 
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same natural forces, which are giants commanding 

legions of atoms, and these hosts of pigmies constitute 

the world. If the present power of assisting vision 

were amplified thousands of times, we should probably 

find similarly perfect results, governed by the same 

laws, the general principle of which seems remotely 

hidden in those fields of inquiry, which fade away 

on every side into the regions separating human 

reason from Omniscience. 

In conclusion, I may add that petrology cannot 

be learnt merely by reading, and that this little work 

does not pretend to be more than a rudimentary 

guide to the subject 

F. R. 
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PART I. 
THE RUDIMENTS OF PETROLOGY. 



CHAPTER I. 

METHODS OF RESEARCH, ETC. 

W^HE means at the disposal of the older petrologists for iden 
tifying the mineral components of fine grained or minutely 
crystalline rocks were so primitive, that we wonder, not 
so much at the little that was known about them, as at 
the quantity of information amassed by such simple methods, 
and at the truth or comparative accuracy of many of their 
statements bearing directly upon this subject. The pocket 
lens was one of their most important implements in this 
work, and was indeed the only means they possessed for 
distinguishing minute structure; for although compound 
microscopes were known and used for physiological pur- 
poses, still the idea of slicing and grinding down fragments 
of rock into thin sections had not at that time occurred to 
anyone, or, if it had done so, had at all events never been 
carried into practice. Chemical analysis and simple tests 
of hardness, specific gravity, &c., such as have been given in 
treatises on mineralogy for considerably mote tVv^iv Vv^li ^ 
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century, were the other methods which they were enabled tt> I 
call in to their assist^ince j but chemical analysis ofaggr^atea 
of minute and undetenntned minerals served only to throw 
a very imperfect light upon the precise nature of the com- 
ponent minerals themselves, and in this way rocks which I 
differed widely in minute structure and in mineral composi- 
tion often yielded almost identical results so far as theM" I 
ultimate chemical composition was concerned, while a know- 
ledge of the physical conditions which governed them at I 
the time of their deposition or solidification were matters | 
which could only be inferred from observations made ii 
the field, upon their mode of occurrence and relation tt 
other rocks. Vague speculations were discussed with an I 
energy which shows how deeply these pioneers of geolngy 1 
were interested in this branch of their science, but from Ae 1 
difficulties which attended the successful prosecution Ml 
these inquiries, especially so far as the eruptive rocks were |_ 
concerned, the study of petrology as a special geolopcB*. 
subject seemed to lapse from a state of misplaced enag^- 
into one of hopeless torpor. The first steps which in ih^ 
country tended to beget fresh ardour in this direction we*'*' 
the pubHcation of a paper by H. C. Sorby, in the 'QiiaitefW 
Journal of the Geological Society of London,' vol. xiv. p. 45^ 
'On the Microscopical Structure of Crystals, indicating th«* 
Origin of Minerals and Rocks,' and a short article by th^ 
late David Forbes, in the ' Popular Science Review,' OcP-^ 
1867, entitled 'The Microscope in Geology.' The obser-* 
vations recorded in these papers were based upon th^ 
microscopic examination of thin sections of minerals and 
rocks ; and although Mr. Sorby appears to have been the 
first to apply this kind of examination to purely mineralogical 
and petrological questions, still the method of grinding such 
thin sections for microscopic work was first practised by H. 
Witham in 1831, when conducting researches on the minute 
internal structure of fossil plants. The gcca.\. o.iNiWa%t 
derived: from-fhe Uamimtion of tiun scc^oi^a ol -cavarai* 



lies in the circumstance, that in many cases a mineral which 
in ori^nary hand- specimens, in thick splinters or in thick 
dices, would appear to be opaque, is rendered more or less 
translucent or transparent, the transparency increasing \vith 
the thinness of the section, so that structures which in many 
instances could not be discerned by reflected light are 
iKidered apparent when the specimen is thin enough to be 
moderately translucent, while, in conjunction with the micro- 
Bcope, the polariscope, spectroscope, and goniometer may 
be used, and additional facilities are thus given for examin- 
ing the optical properties of the mineral. Such advantages 
acoue from the preparation of thin slices of rocks, the com- 
ponent minerals of which may be studied microscopically, 
ihrii dystallographic, optical, and other physical properties 
noted, even in rocks whose texture is so fine that examina- 
tioa with ordinary hand lenses is insufRcient to give any 
dear insight as to the nature of their components, while 
opportunities are thus offered for acquiring much information 
iboat the patagenesis of minerals, tlie physical conditions 
Knder wluch rocks have been formed, and the changes both 
physical and chemical which they have subsequently under- 
gtffle. It is therefore manifest that the preparation of thin 
slices of minerals and rocks has led the geologists of the 
present day into a vast and hitherto unexplored field of 
inquiry, in wiiich new questions wiil propound themselves, 
wd old ones, in time, find their solution. 

The benefits to science which are likely to accrue from a 
steady prosecution of such studies are, from the foregoing 
reoarks, sufficiently obvious, but many people may be 
poae to think that little practical advantage is likely to be 
derived from this branch of microscopic research. Such 
objectors, if asked whether the texture and quality of build- 
ing stones, bricks, and mortars were matters of cQBse.- 
qoence in aicbitectursl work, would probaWy lepV'^ "iti ^« 
t&mtive, and would then most likely add ■. ' Suc\i TGa.tt.«\s 
»fc decided by experience, by aoticing buM\iv^\»i^ 
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old and new, and seeing how the different materials of whicS 
they are built have resisted the ravages of time and expo* 
sure, and if we want further information we can have thft 
materials analysed by a chemist, and he will be able to tell' 
us all we need to know.' Such a remark as this would 
embody a great deal of truth. The chemist could fumisti 
an analysis of the stone itself, and we should thus learn hoW 
much lime, or magnesia, or silica, or carbonic acid, &c,, &cj 
was contained in it; but if the stone happened to be a very 
fine-grained one, and although in freshly quarried samples 
apparently homogeneous, yet when exposed to the weather 
it suffered unequal decomposition or disintegration, it woulj 
be clear that atmospheric agencies detected weak spots 
better than the chemist, and better than the practised eyeS 
of geologists, architects, stonemasons, and quanymen. 
would then be evident that more practically useful informal 
tion could be derived from inspection of buildings than front 
the sources just enumerated; but at last the awkward ques^ 
tion arises, ' How is it that stones which often have the 
same, or almost the same, chemical composition, and which 
also closely resemble one another in appearance, have dif- 
ferent powers of resisting the effects which result froia 
exposure?' It is true that the stones most affected may not 
have been Judiciously laid; it is true that the atmosphere o 
large towns is more prejudicial to building stones than the 
purer atmosphere in country places ; but, given similaj 
conditions, why is it that apparently similar stones wear 
differently ? Those who have examined the minute struci 
ture and mineral composition of rocks well know how 
little dependence is to be placed on outward similarity^ 
and even in chemical analysis ; for changes go on within 
rocks which often produce litde or no definite chemical 
change so far as the aggregate is concerned, but beget 
numbers of little interchanges in the chemical composition 
and molecular arrangement of the component minerals. 
Although in the present state of our ItnowVi^eNwS. 'oMSa 
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practical use has yet been made of the recorded observa- 
tions which now constitute merely the small nucleus of what 
will no doubt eventually become a huge pile of information, 
still we may look forward to the time when a knowledge of 
the minute structure of rocks will be recognised as indis- 
pensable to the right understanding of the changes which 
building stones imdergo, and when not merely the few but 
the many will be benefited by this branch of scientific 
inquiry. A general knowledge of petrology will always be 
found useful by those who may have to deal with architec- 
ture or with mining enterprises, and it is to be hoped that 
some day, as science progresses, a definite connection may 
be found to exist between metalliferous lodes and the min- 
eral composition of the rocks in which such lodes occur. 
Questions of water supply hinge mainly upon the porous or 
impervious character of rocks, upon their mode of occur- 
rence, and upon the structural planes or planes of dislocation 
by which they are traversed, so that matters of this kind can 
be best dealt with by the field geologist In concluding 
this brief introduction, it seems needful to caution the student 
not to regard petrology from a narrow point of view ; not 
to confine his attention solely to observations in the field; 
nor to devote himself exclusively to microscopical or che- 
mical research. The disadvantage under which the spe- 
cialist labours is, that he frequently takes infinite trouble to 
unravel a question in his own special way, when by 
adopting some other method he might arrive at his result 
in far less time, and often with greater certainty. At times 
a penknife will be found more useful than a blowpipe, and a 
blowpipe than a microscope ; at other times a microscope 
will tell more than a complete chemical analysis. 
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CHAPTER 11. 

AND THEIR ORIGIN CONSIDERED. 

If we examine a. fragment of rock, we find it to consist as a 
rule of crystals, the edges and angles of which may either be 
sharply defined or rounded, and which are cemented together 
either by crystalline or amorphous mineral matter, or we may 
find it composed of large or very minute angular fragments 
of mineral matter, or of rounded grains, or of a mixture of 
both angular and more or less rounded grains also bound 
together by mineral matter, which may either be amorphous 
or may possess a crystalline structure. Sometimes, however, 
the grains simply cohere without any perceptible cement, as 
in some of the new red and other sandstones. These kinds of 
rocks may be defined as mmeral aggregates, but the term 
' rock ' in its geological signification does not merely imply 
a coherent mass but also loose incoherent mineral matter, 
such as blown sand, and in these cases, as in the preceding 
ones, the materials, whcthei they consistof fragments of one 
mineral only or of several different minerals, may still be 
regarded as mineral aggregates. There are, however, ap- 
parent exceptions, for some rocks appear to the naked eye 
to be perfectly homogeneous. Some quartzites may be so 
regarded, but we know that passages have been observed 
between quartzites and fine grained sandstones. A casual 
observer might also lake such a rock as Lydian-stone or 
Hone-stone to be quite homogeneous, but examination of a. 
thin slice under the microscope would show it to consist of 
numerous lenticular particles, which, from their form alone, 
imply the necessity for and the consequent existence of a 
cementing matter which differs from the particles themselves. 
Again obsidians, pitchstones, and other vitreous rocks, would 
be assumed by the general observer to be perfectly homo- 
geneous, hut here again the microscope demoti&WMes tba.t 
f lAey contain fine dusty matter, micioU'Chs, auA ctss\^s "». 
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ireat quantity ; so that even those rocks which are appa- 
rently exceptions to the general definition are found in 
Kality to conform to it, and thus we may with considerable 
Tuth define all rocks as mineral aggregates. 

The state of aggregation of a rock depends upon the 
*ay in which it was formed and the changes which it may 
subsequently have undergone. We do not know what was 
■he character of the rock or rocks which formed the crust 
"■hen the surface of the heated mass which originally c 
stituted the globe first solidified. The older geologists were 
't>n<i of speculating upon this subject, and many of them 
l^elieved that the primeval crust was granite, and they further- 
"^orebelievedthatall granite could claim this high antiquity, 
^iiese were, however, mere speculations, and granites are 
'^*^'w known to be of various ages, some of them having been 
'otmed in comparatively late geological times. Great r 
^^uception seems to exist among geologists even at the 
^■^«sent day about the origin of rocks, and these misconcep- 
*<^Ds usually resolve themselves into bickering about t 
**-d the way in which they should be employed. It therefore 
^^«ras desirable, at the very outset, to lay before the student 
few preliminary considerations which may help him to 
**.ink and work in a systematic manner. 

(i) Assuming that the earth was originall/ a molten mass 
Evolving in space, and that after considerable radiation had 
^^ken place solidification of the surface ensued, it is clear 
*liat that primitive crust was the first rock formed. 

(a) Assuming that radiation has constantly been going 
^n from the earliest times up to the present day, it isevident 
that the whole mass of rock which now constitutes the crust 
^f the earth represents the entire work of solidification, no 
*tiatlfr what may be the character {whether sedimentary, erup- 
tive, &'c.) of those rocks now, unless, through changes in the 
interior of the globe, chemical action has been called into 
"play, and has thereby generated additional heat, neutralising 
to some extent the vrork of solidiftcatioT\ \>y fe^vn^a-^SOTi "to*; 
rocks which came in contact with these Viig.^ii^'aea.iaiwL'M.'^ 
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or, unless through fracture and disturbance of the alreadjfl 
solidified crust (by the expansive force of gases generated! 
by chemical changes, or by physical changes, such as the4 
conversion of water into steam), portions of the already so- \ 
lidilied crust were faulted down or depressed so as to come-a 
within the range of these heated portions of the earth, i» 
which case, as in the preceding, some of the pre-existing woriM 
of solidification, Irora loss of heat, by radiation, would b^fl 
undone, and the total mass of solid rock now constituting thefl 
cnist would then represent the total amount of rock formedfW 
by solidification through radiation, minus the amount ofll 
rock re-fiised. ■ 

(3) The rocks now called plutonic, and which have-M 
solidified at various depths beneath what was the surface ofj 
the earth at the time of their solidification, may be regardedB 
as the result of the solidification of the earth's magma througb^ 
loss of heat by radiation ; the rocks now called volcanic, andfl 
which have been erupted through the crust and solidified OO'I 
what was once, or on what is now, the surface of the eaitin 
(whether subaerial or submarine), may be regarded mereljlB 
as outwardly trending phases of the phttonic rocks, and ar^| 
therefore also the products of solidification through loss oPfl 
heat by radiation ; the rocks now called aqueous or sedi»1 
mentary are the result of the degradation of land by sub-a 
aerial or marine denudation, and because the first land must™ 
of necessity have been portions of the crust formed by theW 
solidification of the earth's surface through radiation, Lastlyj™ 
the rocks now called metamorphic are merely either eruptivtM 
(i.e. plutonic and volcanic rocks) or else sedimentary rocksjfl 
which have subsequently undei^one changes either physicaM 
or chemical, and are therefore only the products of the soJB 
lidification of the earth's magma through radiation, in aivl 
altered condition. Consequently no sedimentary rodt haJJ 
ever been formed except from materials which, in the fiiBtl 
instance, were supplied in a solid form through the radiatioa'B 
of heat from the globe. V 
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CHAPTER III. 

DISTURBANCES OF THE EARTH's CRUST. — STRUCTURAL 
PLANES. — SEDIMENTARY ROCKS. — STRATIGRAPHY. 

The study of forces existing in the interior of the earth, and 
the phenomena attendant upon their exertion and affecting 
the eaith's crust, constitute the branches of physical geology 
known as vulcanicity and seismology, the former relating to 
volcanic phenomena and the latter to earthquakes. These 
forces are doubtless due to chemical and physical reactions 
and changes, resulting in the development of intense heat 
and the generation of gases. It is also assumed, however, that 
this high subterranean temperature is mainly owing to the 
original heat of the globe when first developed as an indivi- 
dual molten mass, only part of this heat having been dissi- 
pated by radiation into space. The consequent loss of heat 
having taken place from the exterior of the globe, and most 
affecting the superficial portion of it, has given rise to the 
formation of its crust, by solidification of the once molten 
matter. It seems reasonable to suppose that such radiation 
took place equally over the entire surface, and that the 
phenomena consequent upon the cooling of the mass, 
although doubtless affecting the centre of the globe, diminish 
in their intensity from the surface inwards. These physical 
changes probably extend inwards towards the centre with a 
certain amount of regularity, so that the globe might pos- 
sibly be regarded as a spheroidal mass consisting of a series 
of zones var3dng in temperature and augmenting as the 
central portions are reached. Assuming this to be the case, 
there would be a zone situated at some depth beneath the 
• surface, whose temperature would be so high that any known 
rock matter could no longer exist in a solid state. The 
depth at which this zone of fusion is supposed to occvaVsa^ 
beeij variously estimated by different writers. ¥io\a \:«exi\:a- 



five to thirt)' miles is about tlie smallest estimate which hi 
been given ; while some, as Hopkins, have inferred that soli< 
matter extends to much greater depths and may even ens 
at the centre, the loss of heat and consequent solidificatioi 
having taken place in an irregular manner, and having thui 
converted the deeper portions of the globe into a somerfia 
honey-corabeil mass, the cavities still retaining matter in 
molten condition, and constituting the reservoirs from whii 
the eruptive rocks are derived. So many theories upon fl 
subject have from time to lime been started, and the] 
embody such diversity of opinion, that a description of then 
would be out of place in so small a book ; and as they cannol 
be regarded as more than speculations, often based upon I 
little tangible truth and more or less tangible and intangibl 
error, smdents, although doing well to make tbemselve 
acquainted to some extent with these theories, would & 
better in giving their attention to matters which are mc 
readily demonstrable. 

That the forces just spoken of as existing in I 
interior of the earth exercise considerable influence up 
its crust we have ample evidence, it is, indeed, sold 
from such evidence that we mfer the existence of t 
forces. 

The evidence which we have of the internal heat c 
the earth may be summed up under the foUowin 
heads : — 

(i) In descending the shafts of mines a gt 
the thermometer takes place after the descen 
sixty feet. Down to this point it remains star 
this point there is a rise of one degree Fahre 
sixty feet descended. How far this regu* 
temperature continues to take place has 
determined. 

(2) Flows of molten lava and of hot 
of lapilli and ashes from volcanic vents tl 
tion of steam or the evolution of gases, ; 



I geysers and thermal springs, are also evidences of the 
oienial heat of the earth. 

{3) Earthquakesj the elevation and depression of large 
racts of land, giving rise to changes in coast lines, as in 
•reenland, Sweden, and South America, at the present day; 
fractures produced in the crust by subterranean forces, 
1 the relative displacement of rock masses along such 
S (iaulting) ; the bending and contortion which stratified 
ocks undergo, and the cliemical and physical changes (meta- 
BBorphism) which they soraetimes experience, are all evi- 
ices of the internal heat of the earth. 
That the Assuring and displacement of portions of the 
(arth's crust is frequently due to the exercise of the subter- 
naean forces just mentioned tliere is not the least doubt, 
they have occurred frequently, not merely within his- 
fcrical times, but men now living have been eye-witnesses of 
auy remarkable changes which have been brought about 
in the structure of districts by seismic action, as in Calabria 
and in the country at the mouth of the Indus,' Moreover, 
Oiny of the disturbances of the earth's crust which have 
li^Kned in even very remote geological periods are pre- 
dsely such as we should attribute to the same forces which 
iiave produced, and are still producing, the modem dis- 
tobances. We may conveniently classify them all under 
Mitain heads, so far as they relate to structural planes ; 
ither on a large scaie, as affecUng the general geology of a 
toimtry, or on a smaller scale, as influencing not merely the 
gross but the minute and even microscopic structure of rock 
masses. It may here be remarked that the scenery and 
gGDeral configuration of a district is often due rather to the 
^cihties offered for the weathering of rocks along small and 
dosely disposed planes of fission than to the presence of 
lines of fracture and faulting. The latter tend to produce 

For descriptions of Ihcse and other kindred phenomena the 
Kadent should consult Lyell' j Principles of Geology, in which accounts 
given of the roost important eailhquakea and volciuic era^liOQ* 
£ have occaired within hisloricaS limes. 
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The Rudiments of Petrology. 



I. Irregular 
fissures 
and faults. 



lithological diversity of surface rather than diversity of 
tour or relief; atmospheric agencies apparently produdi 
little or no effect upon one colossal divisional plane, since 
fault seldom developes a feature in any landscape, ot 
than perhaps a difference in its vegetation. Atmospfaic 
degradation, however, along innumerable divisional plane 
of very trivial dimensions gives rise to outlines whic 
often enable a practised observer to discriminate bet 
different formations merely from the aspect which they hatej 
derived from weathering. 

The following table gives a rough and rudimentary classi- 
fication of these structural planes : — 

Classification of Structural Planes. 

Earthquakes and their attendant phenomena 
producing fracture of the crust by pressure 
from within directed outwards. 

Shrinkage on consolidation of sediment by dry*. '' 
ing and consequent contractiofty producing 
fracture of the crust usually along more or 
less parallel lines. 

Shrinkage on consolidation of eruptive matter kf 
cooling and consequent contraction^ producing 
fracture in directions more or less parallel 

(Pressure^ exerted by contiguous rock masses^ 
producing (often by re-arrangement of par- 
ticles) planes of weak cohesion, along which 
fission readily takes place in parallel direC' 
tions. 

A. Coincident with bedding planes (lamina^ 
fission or flaggy cleavage). 

B. Deviating from the direction of the bedding" 
planes (slaty cleavage). 

It is possible that many of the lines along which faulting 
has taken Dlar#» mav in the first instance have been simply 
fissures d (Qass 2) but in other cases faulting 



2. Jointing 
due to 



3. Laminar 
fission and - 
cleavage. 
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Origin of Faults. 13 

has occurred along planes produced by seismic action 
qj (Class i). 

ce j The parallelism which so often characterises a system of 

tkl &ults cannot, however, be adduced as proof that those faults 

iit\ have occurred along joint planes (Class 2), since parallel fis- 

:cSf sures might be produced by the upheaval of rocks along 

^7 ^ certain line or rather along a definitely trending area 

(Class i) on either side of which relative displacement of 

strata or of eruptive rock masses may have subsequently 

occurred. 

It is also quite possible that the displacement itself 
originated synchronously with the line or plane along which 
^t ixms, in which case the plane would again belong to Class i. 
All that we can therefore safely say about the origin of 
faults is, that they are relative displacements of the earth's 
cnast, caused by subterranean forces upheaving masses of 
rc>ok along lines of least resistance, which may either be pro- 
duced at the time of upheaval or may have pre-existed 
sittiply as fissures or cracks, and that in some cases depres- 
si^on of rock masses has caused faults, the subsidence of the 
do^nithrow having occurred by the mere gravitation of the 
^ass between two outwardly diverging planes of fracture, as 
in the case of ' trough faults.' * 

Faults may also arise from an unequal horizontal shifting 
of undulating beds along a fissure, or from partial flexure or 
bagging down of strata upon one side only of a fracture, 
the beds on the other side remaining horizontal. ^ 

The fissures and cracks, therefore, along which faulting 
has taken place, may be due either to volcanic or seismic 
action (for earthquakes and volcanic phenomena are so inti- 
mately related, and are apparently so indisputably due to 
similar or identical causes, that they may safely be classed 
together), or to the shrinkage of sedimentary rocks by loss of 

' Vide Studenfs Manual of Geology ^ by J. Beete Jukes (1862), 
p. 260.. 

« JM. pp, 2S4-S' 



moisture and that of eruptive rocks by loss of heat dnri 
solidificatioa 

Another class of small structural cracks which occur 
some eruptive rocks and also exceptionaUy in aigillaceo 
beds which have undergone considerable desiccation, is, 
the opinion of many observers, due, in the case of the em 
tive rocks, such as basalt, to contraction on cooUng. Tht 
planes intersect one another in such a manner as to divi 
the mass of rock into a series of closely packed pris 
varying at times in the number of their sides and in I 
measurement of their angles. This structure Is espeda 
characteristic of the basalts in some districts {Staffa, Giai 
Causeway, Unkel on the Rhine, parts of Auvei^ue, a 
many other localities.) The prisms are generally cut trai 
versely by numerous divisions, which are sometimes fl 
sometimes either convex or concave, while occasionally, 
in the celebrated Kasekeller, they consist of superpo! 
spheroidal lumps or balls, which have a concentric sb 
structure. An analogous stnicture on a very small a 
often purely microscopic scale is to be met with in vitreo 
rocks sucli as perlite. ' According to the theory held by ! 
Henry De la Beche and others, mountain chains owe tb 
origin in many cases to immense fractures and dislocatiq 
of the earth's crust caused by unequal contraction of t 
crust in zones, the inner zones contracting and leaving I 
outer and already solidified zone unsupported, so that 1 
places it cracked, large masses subsided on to the lonj 
zone, and thus caused immense ridges and depression 
Such mountain-forming fissures, colossal though they ml 
be, are, however, hypothetical rather than demonstrable. ' 

Enough has now been said to sliow that structural plait 
and diiisions occur in rocks ranging from those of giganl 
size to others of quite microscopic dimensions. Some 
them occur in rocks of eruptive origin, some traverse sec 

' Eonney, Q. J. G. S., vol. xxxii. p. 140 ; Allport, Q. J. G. i 
vol. xxxiii. p. 449 ; Kulley, Trans. £. Jlfic. Sac., vol. xv, p. 176. 



Sedimentary and Eruptive Rocks. 1 5 

entary deposits, but in all cases they facilitate the weather- 
g and disintegration of the rocks in which they occur, and 
msequently exercise a more or less marked effect upon the 
«nery of a district. 

The rocks composing the crust of the earth may be con- 
idered mainly to belong to two great divisions, viz., (a) 
le aqueous, sedimentary, fossiliferous, or stratified rocks, 
rhich have been deposited as sediment in beds, or strata 
leneath water, each bed or stratum having successively 
brmed the floor of a sea, or of a lake ; and (b) igneous 
or eruptive rocks, which have formed intrusive bosses, or 
dykes, or have been poured out from volcanic vents, as 
lava flows. 

The former usually contain organic remains which may 
be identified with a marine or a lacustrine fauna, and con- 
sequently afford a tolerably safe clue to the circumstances 
under which the beds were deposited. It may be safely 
assmned that all such beds were originally spread out in an 
approximately horizontal position, and that any strong 
deviation fi*om the horizontal position which may be shown 
bjr planes of bedding is due to subsequent disturbance of 
those beds. 

Sediments may sometimes, however, be somewhat irre- 
gularly deposited; for example, a number of thin beds may 
thin out completely, overlie one another, and the whole of 
them may overlie a perfectly horizontal bed upon which their 
thinned-out ends appear to rise unconformably, and this kind 
of anangement may be repeated again and again through a 
considerable thickness of deposits. This irregular kind of 
stratification is called ' false bedding. ' Fig. i represents 
a good example, occurring in the lower greensand, at Frith 
Hill, near Godalming. 

In such a case the inclination of the beds is not due 
to any disturbances during or subsequent to deposition, 
but simply -to the overlap of successive deposits as they 
are thrown down in shallow water. The sedimeiA,^ >n\v\Ocv 
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constitute stratified rocks result from the wear and 1 
which takes place from the action of rain on land ! 
faces, and, in the beds of rivers iJom attrition, each erodj 
fragment serving as a tool with which other fragmeJ 
are ground away from the rock. When a turbid ; 
empties itself into the sea or into a lake, the materials hal 
in suspension become deposited according to their relatifl 
Speciiic gravities, the heavier fragments sinking first, i ' 
the lighter particles are carried to a greater distance from ti 




river's mouth. The relative sizes and slia[jes of the frag 
ments also exercise some influence on the sorting procei 
which takes place. Fragments which have undergone 1 
little attrition are usually more or less angular in form, whi 
those which have been carried long distances, and i 
have been rubbed together for a length of lime, become s 
angular or perfectly rounded.' The rounded form of tl 
pebbles on sea-beaclies is due to the incessant grindl 
' Except in instances where the fragmenls have bei 
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which they undergo against one another during the advance 
and retreat of every wave that washes the shore. 

Deposits mainly composed of angular fragments are termed 
breccias, while those consisting of rounded pebbles are called 
conglomerates. In indurated rocks of this kind the coarse frag- 
ments, or pebbles, are generally cemented together by a finer 
material, often consisting of carbonate of lime or silica. There 
are frequently other substances, however, which act as a cement. 

Aqueous or sedimentary rocks may be conveniently 
classed as follows : — 

(i) Clays^ which when indurated become mudstones, and, 
when cleaved, slates. When they merely exhibit a fissile 
character in the direction of the lamination, or bedding, they 
are called shales. Clays, slates, and shales are mainly com- 
posed of hydrous silicate of alumina. There are arenaceous 
and calcareous clays, slates, and shales ; calcareous clays are 
termed marls. 

(2) Sands. — ^These when indurated constitute sandstones, 
and when more or less coarse-grained, and composed of 
angular or sub-angular grains of sand (frequently with an 
admixture of fragments of other minerals), they are then 
termed grits. The term ' grit ' is, however, very loosely used, 
and it would be difficult to give it a sharp definition owing 
to the great variation in the physical and mineralogical cha- 
racters of the rocks to which this name has been applied. 
Sands and sandstones are usually composed of fine grains 
of quartz cemented either by carbonate of lime, carbonate 
of iron, oxides of iron, or silica. There are calcareous and 
argillaceous sandstones. 

(3) Limestones. — These may vary from soft and earthy, 
to hard, compact, and even finely crystalline rocks. Some 
liipestones may be merely eroded granules of pre-existing 
limestone carried mechanically in suspension in water, and 
ultimately deposited as a sediment. Some may have re- 
sulted from the precipitation of carbonate of lime from 
water holding the bicaihonaXe of lime in soVuUoii, \cv. NiMi'b 
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case the deposit may be considered to have a chemical oii{ 
The cause of precipitation would be the elimination of one i 
of carbonic anhydride from each molecule of bicarbonate 
lime. Travertine, calcareous tufe, and pisolite are 
formed in this manner. The last consists of rounded 
like shot or peas, whence the name pisolite or peastone; 
little pellets consist of a series of concentric coats of carboi 
of lime which sometimes have a small grain of sand asanudc 
Limestones are also at times composed in great part of i 
shells of minute animals called * foraminifera.' These organis 
whose remains constitute the very earliest record of life ofwl 
we have any knowledge, have peopled the waters of variooi| 
geological epochs with their descendants, and at the present! 
day the foraminifera have numerous living representative& 
The animals themselves are little more than small shapeless 
masses of animated jelly, but they have the power of sepa- 
rating carbonate of lime from solution in water, and of 
building up the material into shells of very variable and 
extremely beautiful forms. Some are perforated by immense 
numbers of minute holes through which the gelatinous occu- 
pants can protrude their filamentous processes. To these 
holes, or foramina, the order owes its name. Corals also 
have the power of secreting large quantities of carbonate of 
lime, and some limestone rocks are in great part due to the 
secretions of these polyps. The shells of the mollusca, which 
have originated from a similar secretive faculty, also at times 
contribute largely towards the formation of some limestones- 
This secretive process can merely be regarded as a chemica- 
process performed through the intervention of the animal 
and when we speak of such rocks as having an organl 
origin^ we must be careful not to imply that the animal haC 
actually formed the calcareous matter instead of having 
merely secreted it. Pure limestones consist simply of car- 
bonate of lime. A compound of the carbonates of lime and 
magnesia constitutes magnesian limestone, or dolomite. 
Those limestones which contain a certain amount of clayej 
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Stratified Racks. 19 

ttatter are termed aigillaceoiis limestones^ and those con- 
taining sandy impurities are styled arenaceous limestones. 

The changes which sedimentary rocks imdergo may be 
legarded as physical, as chemical, or as the result of phy- 
^cal and chemical agencies acting either simultaneously or 
at different periods. 

Classification of the Sedimentary Rocks. 

Clay, Composed of hydrous silicate of alumina, 

usually with mechanical admixture of 
sand, iron oxides, and other substances. 

Marl Clay containing calcareous matter. 

Shale. Indurated clay, fissile along planes of bed- 

ding. 

SlaU, Indiu-ated clay, fissile in parallel planes other 

than those of bedding. 

Sand. Chemical composition silica. Mineral com- 

ponents quartz or fiint 

Sandrock. Coherent sand. 

Sandstone. A more or less strongly coherent and often 

highly indurated sand. 

Grit. A coarse-grained and somewhat coherent, or 

at times a fine-grained and very hard and 
compact sandstone, frequently containing 
fragments and granules of other minerals 
beside quartz, i3int, or chert. 

Calcareotis Sandstone. Sandstone cemented by carbo- 
nate of lime. 

Ferruginous Sandstone. Sandstone cemented by an 

oxide of iron or by carbonate of iron. 

Conglomerate. Rounded pebbles of flint, chert, jasper, 

quartz, &c., cemented either by siliceous 
calcareous, or ferruginous matter. 

Siliceous Breccia. A rock similar to the above in com- 
position, but differing from it in contain- 
ing angular fragments instead of rounded 
pebbles. 

Siliceous Sinter. Silica deposited in a more or less 

loose or spongy form from yi2X^x?»\nsA.^tv^ 
I silica in solution. 

c 2 



0: 

§ 
O 

CO 

o 

O 

< 

< 



^^f&^^^^^S^r 



»» 



Many of the slates, sandstones, and grits afford good 
building stones. 

' Limesione, Chemical composition, carbonate of lime. 
Limestones vary greatly in their physical 
characters ; some being earthy, soft, and 

I friable, as chalk ; others hard and crys- 

talline. 
The principal Umestones used for building 
purposes arc the Devonian, the carboni- 
ferous, and the magnesian limestones ; 
many of the oolitic limestones, especially 
the Bath stone, Portland stone, and Pur- 
beck limestone. 
Limestones which are capable of receiving 
a polish are called marbles. They vary 
so greatly thai it is not possible to describe 
even the leading kinds in a small space. 
^ Bands of chert occur in the carboniferous 

g and in some other limestones, as the Port- 

O land, and bands and nodules of flint are 

g met with in the upper chalk. 

g Magnesian Limestone. Chemical composition, carbo- 
^ nates of lime and magnesia. This rock is 

y also called Dolomite, after Dolomieu. 

< The proportions of carbonate of Ume ti 

carbonate of magnesia vary greatly ii 
different localities. 
Argillaceous Limestone. Limestone containing some 
clayey matter or hydrous silicate of alu- 
: mina. When this reaches a certain pro- 

^^^B portion the rock is termed an hydraulic 

^^^h limestone ; such limestones are used for 

^^^^B the manufacture of cements which i 

^^^■' under water (hydraulic cements). The 

^^^B lias hmestone is a good example of a 

^^^P argillaceous limestone. 

^^V Arenaceout or Siliceous Limestones represent a 
^^* tional condition between limestone and 

' chert. Some of them, such as the Kentish J 

/ rag, afford good building si 



It has been already stated that the sedimentary rocks 
occur in beds or strata (hence they are also called stratified 
rocks). This arrangement has, in the first instance, been an 
approximately horizontal one, and, in most cases, where 
there is any marked deviation from horizontal! ty, the 
deposits have been disturbed by the action of subterranean 
forces. When any such disturbance has taken place, so as 
to communicate an inclination to the beds, this inclina- 
tion is termed ' dip.' If we assume a long strip of paper to 
represent a horizontally deposited bed or stratum, and then 
fold it lengthwise as in p,^^ 

fig. 2, we have two 
dipB) one in the direc- 
tion of a and the other 

in an opposite direction, b. The direction be or cb is 
tenned the ' strike ' of the beds. The strike is always an 
assumed horizontal direction, so that if we tilt our strip of paper 
on one end the strike will 
stiU be a horizontal line 
asrfe(6g.3). The dip is 
always reckoned at right 
angles to the strike. It 
is somewhat difficult to 

render this apparent in a diagram ; but if we represent one 
side of our strip of paper to be dipping vertically, i.e. at 90°, 
as in fig. 4, it will render the p,^ ^ 

mutual directions of dip and ^ 

strike as seen in plan; ab ,_^jr2_ Jc I 

representing the strike, and cd d~ 

the dip. In nature it is not 

usual to find beds bent in the acute manner indicated m 
the preceding figures. They generally describe curves 
which represent the arcs of circles sometimes many mites, 
Bometimes only a few feet in extent. In the latter case 
this small crumpling is spoken of as 'contortion.' When 
I .{lacure of strata occurs in an ijpward diiecUotv 'ivt Tt'siS 
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is spoken of as an anticlinal flexure, curve, or ridge ; ivhila 
on the other hand, when the curve is directed downwards IB 
a basin-shaped manner, it is termed * synclinal.' 

The dip of strata exercises a marked influence on the 
scenery of a country. If no disturbance of stratified deposits 
had ever taken place in a district no knowledge of its 
geology could be obtained, except along valleys which had 
been scooped out by the action of rain, rivers, and genera! 
atmospheric agency, or in railway cuttings, quarries, ant 
Other excavations, and in borings such as wells and thd 
shafts of mines. 

Let A B (fig. s) represent the surface of a country in vhid 
' J. the strata have never beei 
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iroken surface. 
It is evident that 


been carved out into hilla 
and valleys, but is a level, uit 

an observer walking across such t 
district would meet with no diver- 






of the rocks over which he passed, 
unless indeed the same deposit ex- 
hibited slight iithological change iq 
its own horizon— such as a passage 
from clay into sandy clay, and th« 
geological map of the district repre- 
sented by the section a b would, if 
coloured, be merely painted over 


sj'd 


hus (fig, 6). 

7/ such a country 
£0, livers, &C., the se 
'mbh alteration, as 


with one uniform tint, or stippled' 

were scooped out by the action of 
:tion AB (fig. 5) wovAA Muiei^Q coor 
shown in the acc' ■■vuv^fe.^i 




while its geological map would now indicate the exposure 

not mereiy of the uppermost 

stratum, but also the outcrop of "^ ''' 

several underlying beds some- ' ^^^ "■7.1117' .^ '!_!" _"ZII b 

what in the manner shown in ^^^§^^^^^^^§v 

fig, 8, with probably a river rr P-Tt'v^:™""":?^ j'^T'^rf "^~ - 

nuiaing along the bottom of ' ' ' ' 

the valley. 

Maps of the oolitic and liassie districts of England will 

be seen to resemble this m their ^^ , 

geological boundarj lines and these 

lines visually foUoi* the general con 
lours of the country 

Let AB (fig 9) represent the 
snilace of a country in which the 
stratified rocks have been disturbed 
and tilted upwards in other words 
a country in which the strata havL , 
a definite dip. 

It is highly improbable that ^^ 

such a country would have a level 

surface, as the unequal hardness of the different rocks 
exposed to the action of ^^^ 

tlicalmospherewouldtend j, ^ ^ ^ ^ ^ , -h 

to beget considerable 
gularity, the harder 
being worn away less easily 
than the soft ones. Still, supposing the surface of the 
country to have been planed off to a perfect level, the 
geological map of the district would nevertheless pre- 
sent great diversity in its colouring or shading. A man 
walking across the country from east to west would pass 
over several different lormations. In this case ss, ss 
(fig. 10) would represent the Strike of the beds, axii ■ftve 

aiTows ivaiild show the directioa of their dip, a.t Tv^l an^ 

to the strike. 
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repeated, dipping in an oppoate 
direction, i.e. if they had an an* 
tichnal arrangement, some esli- 
mate could be formed of the 
amount of rock which had heen 
denuded by restoring the curves 
as indicated by the dotted lines 
in fig. II, although this would 
probably represent only a portiof* 
of the total amount of matte* 
which had been removed. 

The thickness of beds should 
in all cases be measured at righ' 
angles to the planes of bedding, whether they be uDdis 



tnrbed and horizontal or disturbed and inclined. Thus, 
if A A (fig. iz) represent the 
surface of the ground, and 
B an inclined bed, then the 
thickness of b should be 
measured along the dotted 
line XX, and not along thfi 
surface a a. 

Enough has now been said to denote the way in which 
the disturbance of sedimentary rocks influences the surface 
of a country, and, when aided by denudation, promotes our 
knowledge of its geology, by bringing to view subjacent 
deposits which would otherwise have been accessible only 
hy e,vc.iv.ition and boring, thus aftorimg -os ■&& -n 
of selecting fiQ^ vaiious sources niatenaXs ol \wi\i^i:c\aV 
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importance— such as building stones ; bringing within work- 
able distance various mineral deposits, and diversifying 
^e surface of the land in a manner which affects agri- 
culture and water-supply, civil engineering, and last, but 
^ot least, the sanitary condition of its inhabitants. 

The manner in which rocks are worn away is spoken of 
^ denudation. Denudation may be regarded under two 

(i) .Marine denudation. 
(2) Atmospheric or subaerial denudation. 
The tendency of all denudation is to wear away existing 
*^iid to lower levels imtil it reaches the level of the sea. 
-^he wearing process then stops, because the sea can only 
^^t destructively in planes situated between high and low 
^ater-mark. The breakers do all the work of marine denu- 
dation ; and when they can no longer act upon rocks 
t^ecause they have planed them down so far as they can 
plane them, that is, to their own level, the process of denu- 
dation of course ceases ; and when such a stage of degrada- 
tion is reached, subaerial denudation also becomes inert. 
Marine denudation may therefore be defined as the de- 
grading influence exercised by the sea on a level with the 
breakers. This degradation is effected not merely by the 
force of the breakers dashing and pounding against their 
barriers, but the detached fragments are hurled again and 
again against the rocks, which thus continually supply 
ammunition for then: own destruction. The tendency of all 
this is to cut back the coast into cliffs ; and the process, so 
far as the sea is then concerned, becomes an undermining one. 
This is well shown in Shakespeare's Cliff at Dover, where 
the sea has undercut the chalk at the base of the cliff 
(fig. 13) ; but it is usual to see few signs of excavation at the 
foot of a cliff, because subaerial denudation is also con- 
tinually going on; and when its effects upon certain rocks 
are more marked than those of marine denudatioiv^ t.\v^ ^^k,^ 
of the cliff will be seen to slope backwaids moi^ at V^^s^ 
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I f marine denudation acted more powerfully than atmosphew 
denudation, then the cliffs would become undermined, ani 
the overhanging masses would eventually give way, falUi 
on to the shore and forming a talus, or heap of broken frag- 
ments banked up against the lower portion of the cliffs, 
talus may also be formed by the fall of fragments dislodged 
by frost and other atmospheric denuding agents, so that 
under any circumstances it is common to find the foot of 
cliff so protected, except where the shore is very steep 
or where the scour of the tide is considerable. 




These natural barricades prevent the sea from attacking the 
base of the cliff for a time, but after a while they are cleared 
away and the undermining process recommences, to be 
again temporarily retarded by successive falls of rock from 
above. When the stratification of the rocks which form a 
coast dips inland, the sea acts very destructively, large frag- 
ments being dislodged with comparative ease ; but when the 
dip is seawards, the breakers run up inclined planes of 
bedding instead of dashing against an abiupi\^ TaiaeiViMTwx^ 
aad so the work of degradation tal - *>\ic.e muiiv 



Cliffs and Escarpments, 



siowlj. Somedttes steep slopes, forming features whicl 
to a certain extent resemble clilBfs, are seen far inland. Thes 
are called escarpments. They owe their origin to subaeria 



Fig. Z4. 




and not to marine denudation, and they differ from tru 
sea-formed cliffs in that the escarpment will be found t< 
trend in a direction parallel to the strike of the beds (fig. 14] 



Fig. 15. 




Fig. xd. 



while a coast line backed by cliffs runs in an irregula 
manner, which bears no relation whatever to the strike 
(fig. 15). It is therefore eyident 
that the configuration of a coun- 
try, so far as its coast-line is 
concerned, does not depend 
upon the strike of the rocks 
along that coast-line except so 
&r as the strike determines the 
position along that coast-line, oi 
idatively hard and soft rocks, 
or of rocks whose chemical or physical chaiaa^t^ let^ 
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them relatively difficult or easy of disintegration, as i 
fig. 1 6, where H represents rocks comparatively difficult, t 
E those which are comparatively easy, to wear away.' 

The difference in the weathering of rocks, depender^*-"* 
upon their relative hardness, does not merely influence th» ^ 
coast-line of a country, but it affects its inland configuratio "^^ 
to a greater or less extent, as shown on the east and we^* ' 
coasts of England. If, for example, a country consist partl_^' 
of granite and partly of slate, it will usually be found tha_ 
the granite constitutes the high ground, while the slatea 
occupy the lower portions of the district It does not, how- 
ever, necessarily follow that all the valleys of a c 
should be scooped out in the softer rocks, while the harder 
ones only form the hills. If this were the case, the drainage' 
of a country would be determined by the general strike o 
the rocks, and all the valleys would trend in the direction of 
the strike. This, however, is not always the case. In the 
Lake District of England, for example, most of the valleys 
run across the general strike of the Upper Silurian rocks, 
instead of coinciding with it. It seems, indeed, that the 
directions of the rivers and valleys of a country are oden: 
determined rather by its initial slope than by the relative 
resistances offered to erosion by its rocks. As a rule, how- 
ever, it is probable that neither of these considerations c 
be utterly ignored, and that the tnith involves them both : 
, first, the initial slope of the district ; and secondly, the relative 
resistance which the rocks offer to atmospheric denudation. 
Such resistance does not merely influence the large features 
of a country ; it renders itself evident in the actual shapes' 
assumed by the hills. 

' The Ceolo^al Observer and Hew to Observe Gnlogv, by Sic Heniy 
De !a Heche, are good works for the student to consult upon these. 
potnlBi also a Paper on 'Subnerial Denudation and on the Cliffs and 
Escarpments of the Chalk and the Lower I,ondon Tertiary Beds,' by 
IV. Whitflker, Gtsl. Mair- vol. iv. pp. «7-^8j. London. i«(i, T\« 
phenomena of denudation are also well desctVoedinViol, " - • 
j^j-f/ira/ aa/egy and Get^raphy ej Crtat Britn-in, 
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The forms of hills and moimtams are mainly due— 

A, If composed of sedimentary rocks — 

(i) To the lie of the beds, whether horizontal or in- 
clined. 

(2) To the presence or absence, the paucity or multitude, 

of the structural planes which traverse those 
beds. 

(3) To the physical characters of the beds. 

(4) To their chemical composition. 

B. If composed of eruptive rocks — 

(i) To the presence or absence, paucity or profusion, of 
structural planes. 

(2) To the physical character of the rocks. 

(3) To their mineral constitution. 

(4) To their chemical composition. 

The average rainfall of a district of course has more 
or less influence on the weathering and disintegration of 
rocks, while the water which filters into them, especially 
along joint planes and fissures, expands, on its conversion 
into ice, in frosty weather, and greatly facilitates their 
degradation, by forcing apart fragments and blocks of rock 
which become detached as soon as the ice thaws. The 
process of disintegration is carried on to a great extent by 
the rain, which, in its passage through the atmosphere, ab- 
sorbs a considerable quantity of carbonic acid. This acts 
upon compounds of lime, potash, soda, &c. In limestone 
districts a great amount of matter is annually removed 
in this way by the conversion of the carbonate into the 
soluble bicarbonate of lime. The water of rivers, and the 
water firom swamps and peat-mosses also, contains more 
or less carbonic acid, especially in the latter cases, where 
vegetable matter by its decomposition gives off considerable 
quantities of this gas. Limestones are by no means the 
only rocks acted upon by waters contamixvg^ CMfootiv::. ^<iv^ 
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The felspars, which constitute so great a portion of manil 
eruptive rocks, suffer decomposition through this cause, 
the felspar be a lime-felspar the hme is the substance t 
removed; the potash and soda, which most felspars contairi 
are next carried off as carbonates, although they are 
times removed in the form of soluble silicates. This g 
removal of the alkalies, &c., ultimately results in the fom 
tion of kaolin or china-clay, a hydrous silicate of alumin 
Si Si,+ 2H,. Should the waters contain magnesian salts il 
solution, the lime or soda of the felspars may be replace 
by the isoraorphous magnesia, thus giving rise to steattti^ 
matter so long as the alumina of the felspar is not involve 
in the change. Through similar causes the various species O 
mica become at times partially decomposed and converted 
into steatite, serpentine, compounds allied to chlorite, anijB 
possibly some other hydrated minerals. The alterationsB 
and replacements of minerals, by the infiltration of waie^ 
charged with acids and soluble salts through the rocks inj 
which they occur, are so numerous, and the pseudomorphs K 
which they give rise are so interesting, that special mention o 
them will be made in those parts of this work where the roclcu 
in which they are found are described. The interchange^ 
which take place in the formation of these pseudomorphous 
minerals are in great part due to the isomorphism of thB^ 
replaced and the replacing substances, although at times thed 
original mineral may be entirely removed and its placaj 
subsequently occupied by matter bearing no such relatiorf 
to the components of the mineral replaced. 

It has already been stated that the sedimentary rocks occi 
in layers, technically termed strata or beds. A number cAM 
such beds, deposited at the same time, under approximately J" 
the same conditions, in one or in many distinct areas (area* I 
which during deposition may once have been united, or 
which deposition may have gone on independently), 
termed 'formations.' The formations aie \isv\?X\-j tqqt 
Jess fossiliferous, and separate formaUons aie diaim^*! 



characteristic fossils, which bear testimony to a certain 
^^eness in the animal and vegetable life which existed 
from the deposition of the lowest to that of the highest beds 
•" the formation. The geological age of any bed may 
"lerefore be determined either by its stratigraphical horizon 
or by the fossils which it contains. The lithological cha- 
racter of a bed sometimes varies, and, therefore, less depen- 
dence is to be placed upon it than upon palseontological 
evidence. Furthermore, the slight variation in the htho- 
'Ogical characters of sedimentary rocks often renders it very 
'difficult to assign them to any particular horizon in the 
absence of fossils ; sandstones, slates, shales, and limestones 
°^ (iifferent geological ages often bearing a close resemblance 
^ one another. Again, rocks differing widely in lithological 
chaj-acter may have been deposited at the same time, as in 
*he case of the Devonian and old red sandstone rocks, the 
f^*Tner having been thrown down in the sea, and the latter 
** lakes, as proved by the fossils which they respectively 
^ontain. Vet both formations occupy a position intermediate 
^tween the Upper Silurian rocks and the lowest members 
^f the carboniferous series. The grouping of sedimentary 
*"Ocl[s into formations is, of course, more or less arbitrary. 
•Some genera, and frequently species, which occur in a lower 
formaiion are often represented in the succeeding deposits 
ofanewer formation, and probably, if the truth were tcnoft-n, 
it would be found thai all the formarions, which we now 
recognise, pass from one into another, Because an uncon- 
formity, I.e. a break both stratigraphical and organic, occurs 
in one limited district, it does not necessarily follow thai this 
break extended over the entire globe. Allowances must be 
made for relative distributions of land and water, which we 
have often no means of realising, and no doubt the universal 
application of limited knowledge often does more harm 
than good in this branch of geological inquiry. 
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CHAPTER IV. 

ERUPTIVE AND METAMORPHIC ROCKS. 

The eruptive or igneous rocks differ entirely from those 
sedimentary origin in their mode of occurrence (except % 
the case of volcanic ejectamenta, presently to be explained 
in the interbedding of kva-9ows, and in the intrjsion i 
sheets of eruptive rock between planes of bedding, as ii 
case of the Whin Sill of Northumberland '). They bear, e3 
in such instances as those just cited, no definite relatia 
to the sedimentary rocks, but form irregular masses often 
very great extent, from which vein-like prolongations o 
tabular and wall-like masses (dykes) are ofien sent off inft 
the surrounding rocks. They also emanate from volcaai 
vents in the form of molten viscous lava, forming flows C 
couliies. which are forced over the edge of the i 
freiiuently breaking it down on one side, creeping down ti 
sides of the cone, and often spreading for many miles OV 
the surrounding country,' 

Sometimes they are erupted in the form of large aj 
small fragments of rock (lapilli), of peculiar spheroids 
molten masses (volcanic bombs), and of finely comminuted 
and dusty mineral matter (ashes). These fragmentary ejecta* 
menta are often thrown high into the air. Part of them fall 
back again into the crater to be again and again thrown 
BO that by constant attrition they become more or less 
rounded. Part fall on and outside the rim of the crater," 
thus helping to build it up higher. Part may be carried by 

' Viilt pnper ' On the Intrusive Character of the Whin Sill <A 
Nonhumbcrland,' by W. Toplcy and G. A. Lebour, Q. y. C. S., voL 
xxxlll. ]). 40fi. 

• Intrusive sheets may be distinguished from true lava-Sowa, whicb 
hlivo bean subsequently overlaid conforninbly bj* sedimenlary strata, tqr 
the fnct Ihal the rocks both above and below the intnisive sheets are 
nUereil at the contactx, while in the case ot lava-ftovia ■&= locVs cwet 
fhich iheyran havf been altered, but llie deposivs above 'toem *.q«^ 
no trace ofmecamorpbism. 1 
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wind and showered down over the adjacent country, and 
fin the state of very fine dust may be transported immense 

inces by the wind, a passage of between 700 and 800 
having been recorded There are also some craters, 

illy of comparatively small dimensions, which pour out 

dd mud, frequently accompanied by an outpouring of 

also. The water is in some cases boiling, in others 

Id, and bitumen has also been seen to exude from some 

them. The hot water ejected by the Geysers of Iceland, 

that of. the thermal springs of Roto-Mahana, near Lake 
[Taupo, in New Zealand, carry a large amount of silica in 
I solution, which on the evaporation of the water leaves a 
deposit or incrustation of white siliceous sinter. Besides the 
f la^'as, ashes, &c., which emanate from volcanoes, steam and 
gases, such as carbonic anhydride, sulphurous acid, hydro- 
chloric acid gas, sulphur vapour, &c., are also emitted. 

It is still customary to divide the eruptive rocks into two 
classes — the plutonic and the volcanic, the former class 
including those rocks which have solidified at considerable 
depths beneath the earth's surface, and which are now only 
exposed because the rocks which once overlaid them have 
been removed by denudation. The volcanic rocks, on the 
other hand, although likewise originating at considerable 
depths, have been forced up until they not merely reached 
but in many cases have overrun the surface. From the 
mode of occurrence of the rocks belonging to these two 
classes it is by no means easy to affirm with positive 
certainty that they are merely different phases of the same 
eruptive rock-foniiing matter, emanating from the same 
source. Still, on comparing the rocks of the one class with 
those of the other, a tolerably continuous chain of evidence 
can be adduced to show that they graduate into one 
another, and that this, like all other classifications, which 
are necessarily arbitrary, is more hypothetical than real. 
The quartz-porphyries or elvans resemble the gramles* moxt 
or less m mineral composition, and are known to emm^Xt 

D 
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(rom granitic masses ; but the mica, which is plenCifii 
granites, is only poorly represented or is totally absent «d 
quartz-porphyries. The porphyritic felstones resemblel 
quartz-porphyries, except that they contain no definiteffl 
well-marked crystals and blebs of quartz. The felstoneu 
are not porphyritic are often identical with the magmaaf 
porphyry. The trachytes vary in their affinities, f 
as the quartz -trachytes) inclining more towards the-J 
and felstones in mineral composition, while others If 
dine-oligoclase-trachytes) occupy an intermediate f 
passing into or becoming allied to the basalts, 
&c., in the oligoclase trachytes, the andesites, 
trachy-dolerites.' If, then, such close resemblarces^ 
mineral constitution can be discerned in the rocks n 
come near the boundary line drawn between the two clas 
and since rocks containing under 60 per cent of sili( 
(basic, of Bunsen), and over 60 per cent, of silica (acidic, d 
Bunsen) are found in both classes, it seems reasonable ff 
suppose that close resemblances in mineral i ^^ 

almost equivalent to observed passages. Again, both acid*! 
and basic rocks are known in some instances 1 
emanated at different periods from the same volcanic vHi' 
Durocher, in the ' Annales des Mines,' vol. xl, 1857, enoD 
ciated the theory that all eruptive rocks have been derive 
from one or other of two magmas which occur in distin' 
zones beneath the solid crast of the earth, the one poor B 
basic materials, but containing over 60 per cent, of silica, lh< 
Other rich in basic matter, but holding less than 60 per cenb 
of silica. The former magma having a less specific gravitj 
than the latter, is assumed to float, as it were, upon it, th< 

' Mr. J. Clifton Ward stnteB that some of the rocks occurring 1] 
,1 Ihe English Lake District are intennedi.ite in mineral compositiou 
between felsiones and doleriCes, and in desctilung them he designatel 
Ihem Telsi-dolerltes.' — Q. J. G. S,, vol, iitxi. p. 417. In examining 
some of the cruplhe rocks from the Slluiian diEtricti ot Notth Walea 
ihc author has met with similai: examples, an4 can liAVj tsAois: ■»! 
llanJ-s ■ ■ 



i in specific gravity of the rocks derived firom these 

peingfrom oneanda-half to twice as great as between 

Taking all these things into consideration, 

i be justified in assuming tliat the difference between 

■tonic and volcanic rocks of Bimsen's acidic class lies 

J in the fact that they have solidified under different 

Itions, but that their differences do not suiEciently 

■nt their separation by a hard and conventional boun- 

r debat us from the inference that they may 

Q have arisen from the same deep-seated sources. The 

nc may be said of Bunscn's basic class. If it could be 

naonstrated that they Aave done so, nothing would remain 

St to admit that the plutonic rocks are the roots and stem, 

tt volcanic rocks the branches and twigs, of a great petro- 

Jgical system. 

The sedimentary rocks, as already mentioned, occur in 

fbeds, or strata which were originally deposited in an ap- 

i proiimatdy horizontal manner. Furthermore, the beds 

j generally exhibit lamination (or still finer bedding). The 

' fiaoeral particles of which 

ik^v v H ' "'■ 

ae, when inequiaxial, ar- g l^^>^^3>Cd^£ — 

Bnged with their longer I~3 ^^^ ^^ 

Ues parallel with the la- 
mination or bedding (fig. 17), In which bb represents 
ffiieciion of the planes of bedding. Fig. iS indicates the 
change of direction which 
ftese minute and usually 
oicroscoplc particles as- 
sume when the rock has 
undergone great lateral 
pressure; A fissile struc- 
tme, called cleavage, Is 
Uien set up in same direc- C 

""^•■'■- '<:, so te the „^t spUts , 
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readily in that direction. This change in the minute atnn 
tore of rocks which have been subjected to strong preaauB 
was first demonstrated by Sorby, and fully explained n 
D. Sharp in the ' Quarterly Journal of the Geological Sa 
ciety,' and by Professor John Phillips in 'Report of t9 
British Association, 1856.' It also affects any fossils whifll 
the rock may contain, squeezing and distorting them to I 
considerable extent. True schistose fission and slaty cleavagj 
are seldom or never met with in rocks of eruptive origin 
except sometimes in beds of volcanic ash, and occasional^ 
in some of the older lavas, as shown by J. Arthur Phillip* 
neither does lamination occur in eruptive rocks, but a structu 
slightly resembling it is often to be noticed in sedimenta 
rocks which have undergone such great change (meta 
laorphism) that they approach to, or are identical with, tnj 
eruptive rocks in their mineral constitution. This foliatia 
consists in the segregation of any one mineral component < 
the rock along a more or less regular plane, and the resii 
is a differentiation of the rock into a series of altematiD 
layers of different mineral composition. These layers 1 
often very thin, and at times scarcely to be discerned w 
the naked eye. Hornblende schist, for example, consists i 
alternating layers of hornblende and quartz ; gneiss of lay« 
of quartz, felspar, and mica. Gneiss may therefore 1 
regarded lithologically as a foliated granite. Foliation h 
often been found to coincide with the original planes of be< 
ding, as noticed by Ramsay, Darwin, Sterry-Hunt, and otln 
observers, but this is not invariably the case, Metamorph) 
rocks form, as it were, a connecting link between the sed 
mentary and the eruptive classes, their pseudo-eruptra 
characters having been superinduced by the contact • 
proximity of highly heated eruptive matter. Thus, whei 
basalts come in contact with limestones, the latter freqtientl 
become crystalline for some distance from the contac 
Such metamorphism affects rocks sometimes on a 
sometimes on a large scale, occasionaV\'j mflaCTicia^ onlif 



feif inches, at other times extending for miles, 
sometimes merely in physical, at others in chemical and 
physical changes, which frequently involve complicated 
sEomic inlerchanges (chemical reactions), and symmetrical 
molecular rearrangements (crj'stallogeaesis). By these 
means minerals are developed in a rock which it did not 
previously contain ; and this process may take place without 
lay accession of fresh elementary substances, analyses of 
liie unaltered and the metamorphosed rock being sometimes 
Mwly identical. The presence of hygrometric water, or 
qnany water, greatly facilitates such changes in the mineral 
constiiution of rocks. This fact is very ably dwelt upon by 
Mr. John Arthur Phillips in several papers on the petrology 
ofCorawall published during the last few years in the'Quar- 
Krly Journal of the Geological Society.' These matters will, 
Iwwever, be more fully discussed in the sections specially 
iJsvoted to the changes which rocks undergo. 

Although many admirable descriptions of volcanoes are 
to be found in most manuaJs of geology and in works 
jpedally devoted to the geology of volcanic districts,' yet it 
nsy be well to give here a brief description of the general 
anicture of volcanic vents. 

An active volcano may be defined as a passage or pipe 
*liich affords to deep-seated mineral matter, in a state of 
fosion, the means of transmission through the earth's crust, 
and of egress at its surface. A passive or extinct volcano 
IS one in which this communication is obstructed, either by 
* plug of sohdified lava, orby accumulations of fragmentary 
fnatter, a dissipation, temporary or permanent, of the eruptive 
^oagy, permitting the sohdification of the molten matter, 
^ould an augmentation of the eruptive force occur, the plug 
wll either be shattered, and ejected in the form of lapilli M 

' The student may consult the works of Lyell, Scto^, Darwm, 

wubmv, De la Beche. &c. with advantage ; also some "(eTj mXcTty.- 

^papers fy Prof. J. IV. /udd, entitled ' Comrtbutions Vo 'iifc '6^41 -flj 

^^o<s,- puhiishedmlhe Ceohgkal Maga'.ini,-^vA \Vc ena'^va** 

*««rf to ihm -^bj^^t in G^lo^fir Stud^i\^ Prot. A. tV. ^^^«^- ^ 
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and ashes, or re-melted and poured out as lava, but, if it be 
unable to re-open the old passage, new vents may be pro- 
duced, either within or without ihe lip of the crater. 

Lava transmitted through a fissure or pipe and extruded 
at the surface may give rise to hills of a dome-shaped cha- 
racter.' Ashes and lapilli ejected from a vent become piled 
up around it, and in time form a conical hill on what may 
once have been a level surface. As, however, they are loose 
incoherent deposits, the hill wiO gradually acquire a slope 
at which they are no longer stable. On measuring the 
superficial inclination of hills composed of such ejecCamenta, 
it has been found that the slope is usually about 30°.' I 
pour sand upon a level surface, it forms a complete cone, 
but the loose volcanic materials come from below in the 
first itistance, and since the pipe of the volcano is open, and 
ashes and kpilli are ejected from it and fall around it, the 
cone can have no apex. Some of the ejected matter, which 
is not carried away by the wind, showers doiivn again upon 
the hill and around the orifice of the vent, but the lawwhich 
governs the stability of these loose accumulations again pre- 
vents them from resting upon a very steep slope, and they 
are found to dip inwards towards the orifice as well as out- 
wards down the slopes of the hill The boundary line 
between these two slopes, which of course represents their 
greatest altitude, assumes a more or less annular form, and the 
inner slopes which dip towards the vent constitute a cup- 
lilce hollow, termed a ' crater.' Volcanoes, however, pour 
out lava as well as eject ashes, and these phenomena usually 
alternate. Lava in a viscous, pasty condition, rises through 
the pipe into the crater, where, after perhaps surging up and 
down for a time in a state of ebullition, it rises to the lip of 
the crater and runs over it down the sides of the hill and 
for some distance over the adjacent country. Sometimes 

' As Ihe Schlosiberg at Tejiiiu, ilcsctibed by Di. Ed, Ri^cr, Jahth. 
i. A. geol, R. Anst. ViMMiiL 1 879. 

' See also paper bs TJilac in Cto/. Maj,'. Ctcui^ \\, -itiV 
J^337- 
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the mass of molten lava carries away one side of the 

crater, forming a great breach through which successive 

streams of lava are poured. The eruptions of lava may 

be succeeded by fresh ejections of lapilli and ashes, and 

, these again may be followed by more lava stieams, the hill 

eventually consisting of stratified fragmentary accumulations 

with interbedded flows of lava. Occasionally the lava is also 

forced through fissures in these deposits, forming dykes or 

wall-like masses which intersect them in various directions, 

usually, however, assuming a somewhat radiate disposition 

around the cone. When the volcano has done its work as 

a safety-valve the eruptions may cease for a time, and the 

vent may become plugged in the manner already described. 

Should a firesh eruption occur, it may force a new vent. 

Ashes are again showered out, lava is again poured forth, 

and a new cone is erected within the old one, or little cones 

and fiimaroles are formed on the sides of the hill and dotted 

over the surrounding country. 



CHAPTER V. 

THE COLLECTING AND ARRANGEMENT OP ROCK SPECIMEN^. 

In collecting specimens of rocks, it should be borne in mind 
that small pieces of compact and fine grained rocks answer 
the collector's purpose just as well as large ones, and often 
better, should he have but a limited space in which to store 
them. Small specimens are easier to get than larger ones, 
and in the course of a day's work, a much greater number 
of small specimens can be carried. In collecting for a mu- 
seum, where there is plenty of available space, of course 
large specimens are best. About 5 inches by 4 inches will be 
found a convenient size when they are properly dressed, but 
if it should not be advisable to dress them in the field, 
larger pieces should be collected, as Vl fetc^^xvNioj \Na:^^^x& 
tbdt a roughly broken block is reduced Xo \vsM Sx.^ o\vg.^^ 



size before it is properly dressed. When a rock presents an 
large structural peculiarities, it will of course be necessai 
to collect proportionally large specimens in order to shOT 
the structure clearly. For ordinary private coUectioni 
specimens dressed to 4 in. by sin., or 3 in, by 2^ in,arecoi 
venient sizes, or, if space be very limited, pieces about t 
inches square will suffice. 

A hammer with a tolerably heavy head made of Swede-irtH 
with steel ends welded on and we!! tempered, but not 
as to be brittle even when used on the hardest rocks, will befoun 
to be best suited for collecting. The shaft shouldnot beless tha 
13 or 14 inches in length ; a tough wood such as ash answers v 
well for this purpose, and care should be taken intheselectiocn 
the wood. The eye into which the shaft is fitted ought not 
be less than i J inch in length by at least J inch in breadth, s 
the head, which should have one end wedge-shaped, ought % 
be filed away slightly around the under opening of the eye I 
reduce the chance of breaking the shaft, as the fracture almoi 
always takes place just under the head of the ham: 
author has been in die habit of using hammers with veiy b 
heads and with shafts long enough to serve as walking-si 
Much heavier blows can be struck with a hammer of this kin 
than with a short-handled one, and their use does nt 
tate such continual stooping. In some cases, however, a short 
shafted hammer has its advantages, while for the purpose c 
dressing specimens one with a very long shaft is perfcctl 
useless. When, therefore, a long-shafted hammer is taken ii 
the field it is well also to carry a light dressing hammer. ShtM 
shafted hammers are most easily carried in a small leather 
frog with a fiap, on the back of which are fixed one o 
vertical straps through which a waist belt is run ; and this bel 
can also carry pouches for a compass and a clinometer, 
strong canvas bag of tolerable capacity is necessarj' for carryin] 
the specimens in, and it should have a little tab by which it 
be loosely attached to a button on the back of the coat to prj 
vent it from slinging forward when the wearer stoops. A goo( 
^ supply of paper should also be carried in which to wrap t 
B specimens, and on the inside of each wrapiper the precis 
W loc^ity irom which the specimenis deiivtis^'ivM.^Kitwuai*" 



These may seem IriviaJ deuils, but neglect of them often causes 
*iisappoJntnient and inconvenience. With regard to the best 
SQape for the crushing end of the hammer-head, some prefer it 
"at and square, and others rounded. When it is slightly 
funded the hammerer is less liable to be struck by splinters of 
stone, but for chipping purposes a flat square face is best, and 
^ dressing hammer should always have one such termination. 
In collecting, one of the first and most important things 
'* to procure specimens which are unweathered or which 
"*^e suffered as little as possible from atmospheric agency. 
"°^etimes it so happens that a weathered surface of rock 
™Ovvs structural peculiarities which are especially worthy of 
^*^te, owing to the different power which its component 
*^"lerals possess of resisting disintegration and decomposi- 
'"-*'X Interesting specimens of this kind should always be 
*^^llecCed so long as their transport will not lessen the 
"•^ttiber of more interesting unweathered specimens. It is 
""^ly from the latter that a true knowledge of the normal 
"^itieral and chemical composition of rocks can be derived, 
* He writer lays especial stress upon this, as he has at times 
'**en greatly troubled by being requested to determine rocks 
"Om badly selected specimens in an advanced stage of de- 
composition. Where quarries occur there is no excuse for 
Collecting such rubbish. In other cases it is often a matter 
Of difficulty to get unweathered samples, and sometimes any 
Specimen is better than none ; still, as a rule, the collection 
of weathered chips is time wasted, and it is far better to take 
a little extra trouble in order to get good and typical pieces. 
The specimens should ultimately be dressed with a small 
hammer, the piece of stone being held in the palm of the 
left hand, while with the right successive flakes and chips 
are struck off by sharp blows with the hammer. When very 
tough rocks are operated upon in this way it is by no means 
uncommon for the novice to end by getting a more or less 
rounded mass, covered all over with powdery, crushed sur- 
feces, resulting from the bruises made by ftte\\Knvmw,OT& 
wAkA do not show the character of the toc\« \^^.'&i -^ticCiKfe 
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he will, however, soon ascertain the directions in which his 
blows will prove effective, and those where no amount of ham- 
mering will avail. When the specimen is properly dressed, 
one, or, still better, two little labels carrying numbers should' 
be affixed to it The use of two labels is desirable, sint 
one becomes detached, the specimen can still be identified, 
so long as the other adheres. Ordinaiy strong gum answers 
fairly well, but in sorae cases, especially when the rock is 
soft and earihy, glue will be found preferable. Specimens 
are sometimes numbered with red sealing-wax varnish, but 
the figures are often difficult to find, and, when painted 
rough surfaces, are not very legible. Of course, whereni 
bers are used, the specimens must be carefully catalogued. 
In other cases labels an inch or more in length may be 
affixed, with the name and locality of the specimens writtca. 
on them, but they have the disadvantage of covering a lorget 
space than the little numbered tickets. Should labels be 
used, care should be taken to stick them on the worst dressed 
and least interesting parts of the specimens. When rocks 
are very soft and earthy, numerals may be scraped on them 
and form more permanent records than labels, which often 
become detached, even without handling. In arranging 
rock specimens, various systems of classification may be 
adopted. When they are intended to illustrate the petrology 
of any particular district or country they have merely a 
topographical arrangement which seldom admits of any 
really scientific classification, since eruptive and metamor- 
phosed rocks have to be placed beside the sedimentary ones 
with which they are associated, and, so far as eruptive locks 
are concerned, this does not always mean a chronolc^cal 
arrangement The latter is certainly the right system to 
follow in dealing with sedimentary rocks, but with those of 
eruptive origin it is ofien very uncertain, and is of compara- 
tively little value, at all events, in the present state of our 1 
knowledge ; since eruptive rocks, aVmost WcivtitsX m tctow^I I 
composition, range &tna very early geo\o^v(io.\ ^'i^'.oi's. ^'^ ^» I 
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the most recent times. For the purpose of teaching 
petrology a classification based upon the mineral constitu- 
tion of the specimens is doubtless the best, although, for 
general geology, the topographical arrangement is a useful 
one. When this is adopted in museums there should also 
be another small collection of rocks classified according to 
their mineral composition. A classification based upon 
structure is also to some extent to be commended, since it 
serves more or less as a grouping according to the condi- 
tions under which the rocks have been formed. Collections 
so arranged as to be illustrative of the stones used for build- 
ing and ornamental purposes also have their advantages, 
but the former should always include weathered examples 
of the rocks to illustrate Uieir powers of resisting disintegrat- 
ing agencies, and, with this end in view, it would be most 
desirable to have an accompanying suite of weathered and 
partially decomposed stones taken from buildings, with the 
date when the building was erected recorded on them, or, 
if they have merely been used in the restoration of those 
edifices, the date of those repairs should be affixed to them, 
to show how much disintegration the stone has undergone 
since its surface was dressed and exposed in the building. 
In private collections, where rock specimens are usually 
arranged in cabinets, the drawers should not be less than 
two and a quarter inches in depth (inside measure), and 
deeper drawers are often very convenient In museums, 
where space is ample, table-cases are best suited for the dis- 
play of the specimens. Wall-cases are objectionable, because 
the specimens on the higher and lower shelves cannot be 
seen with any degree of comfort, while, if the rooms be badly 
illuminated, the wall-cases are almost certain to be worse 
lighted than any others. Glass cases standing away from 
the walls and fitted with shelves which range from the 
height of an ordinary table up to about five 01 six ie^\., ^ivd 
so manged that the higher ones gradually recede laoxe ^xA 
am&om the glass, are very good for purposes oi sN^xd.^. 
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Under any drcumstances the receptacles for the spedmen^ 
whether cases or drawers, should he well fitt^ so as to ea 
elude dust as much as possible. For eruptive rocks to b 
properly displayed in museums they require quite as goo 
or even better illumination than minerals. This is also 
desirable for sedimentary rocks, but is of less importance a 
anile. 



^H CHAPTER VI. 

■ PRELIMINARY EXAMINATION OF ROCKS. 

For the more general and preliminary examination of rocks 
the following implements will, if judiciously used (their u 
being backed by a moderate knowledge of mineralogy), 
found sufficient for simple investigations. A stout-bladed 
penknife for testing hardness, &c. Small fragments of the 
minerals which constitute Mohs' Scale of Hardness. The 
diamond (No. lo in this scale) may be omitted, as i 
forming minerab seldom have a hardness exceeding 3. A 
pocket magnifier, one of the ordinary pattern, having two O 
three lenses, will suffice for most purposes, but a good Cod- 
dington lens is also useful at times. There is, however, a 
disadvantage attending the use of these lenses when they 
are applied to the examination of rocks. This lies in the 
difficulty experienced by the observer when he attempts to 
examine the streak of minerals under the lens, especially 
when the minerals occur in very minute crystals or patches 
as it is scarcely possible to hold a specimen, with a lens 
over it in focus, in one hand, and to work with a knife in 
the other. Laying the specimen on a table, and using a lens 
in one hand and a knife in the other, is a most unsatisfactory, 
process, while the use of a lens fixed on an adjusting stand' 
is scarcely better. To obviate this difficulty the author has 
devised a saiali lens with a clip, \v\\\ch cavi Vie -awu o^v ■&«: \ 
^ose like an t/e-giass, and both hands are xW^iw at \iiCT.i— 
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the one to hold the specimen fiimly, the other to use the 
knife or graver. This dip-lens is, moreover, better llian a 
watch-maker's eye-glass, because it entails no muscular effort 
B keep it in place. It is better to have the lens mounted 
in a horn than in a metal rim, as it is less heavy, and conse- 
quently less liable to be accidentally shifted or displaced by 
the incUnation of the head. ' A bottle of hydrochloric acid 
with a glass rod attached to the stopper is usefiil in testing 
tot carlKjnates. A small rough unglazed piece of porcelain 
niay be advantageously employed for determining the colour 
of the streak afforded by minerals, but the same end may be 
attained by scraping some of the powder on a piece of white 
paper, and rubbing and grimmg this powder on to the paper 
with the side of a knife blade. The blade of the knife may 
be magnetised, and it then answers well enough for separat- 
ing any substances attractable by a magnet from pulverised 
fagments of rock. In most cases, however, it is desirable 
Co have a freely suspended or supported magnetic needle, 
«nce by its use in the examination of rocks containing mag- 
Mtite, &C., repulsion as well as attraction may sometimes be 
observed. The operator may also, by holding a sheet of 
paper in front of the mouth and nose, prevent any undue 
disturbance of the needle by the breath. This is especially 
needful in examining rocks in which magnetite, &c., exists 
in only very small proportion. A small dressing-hammer, 
widi a head about two and a half inches long, one end with 
a face about half an inch square and the other end chisel- 
shaped, and a litlJe block of steel about two inches square 
and half an inch thick, and with one side polished, to serve as 
<n anvil, will, together with a blowpipe, a small blowpipe 
lamp, some platinum wire, some pieces of well-burnt char- 
coal and a few fluxes and other blowpipe reagents, complete 
the list of apparatus needful for rough work ; and by the i 
skilful use of these simple appliances quite as mvit't\Vi\Q-«- 

felL^^ '''"^^^ '^^ ro.inofactured by Messrs. Boker & Co., i^W^^ 
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tedge may often be gained as by the emjjloynient of mucll 
more elaborate methods of investigation. Il is, however, 
most desirable that the student should possess some know- 
ledge of chemistry, the more the better, but for most pur- 
poses, in the determination of rocks, a fair knowledge of 
blowpipe analysis and some familiarity with the more com- 
mon chemical reactions in the wet way will be found saf- 
ficient, especially when the observer is cautious in forming 
his conclusions, and bears in mind the old adage thai 'a 
little knowledge is a dangerous thing.' Some acquaintance 
with the more common rock-forming minerals is also abso- 
lutely necessary. There are so many manuals and text- 
books which treat of these subjects that it is difficult to 
recommend any particular work, but a list of some of die 
most usefiil will be found at the beginning of this volume, and 
it may here be as well to remark that any attempt to study 
eruptive rocks without a fair knowledge of mineralogy may 
justly be likened to an attempt to read before the alphabet 
has been learnt It is also very important that the student 
should have a good knowledge of physical geology, s( 
he may be enabled to make correct notes on the mode o' 
occurrence of rocks and form sound deductions from ' "' 
observations. In this part of the subject, reading, unl< 
supplemented by some training in field work, will be foooo 
to be of comparatively little use. For those, however, wl*" 
may not have had opijortunlties rjf getting any such traininl 
the remarks embodied in the foregoing Chapters III. aO 
IV., if carefully studied, may prove useful 



CHAPTER VI r. 

THE MICROSCOPE AND ITS ACCESSORIES. 

In describing the microscopea suiiaHe te e-MLTOa™% 
sections of mineia^s and rocks it wV\?ei\vaps\»i\i«x.iii'«( 

J i^- 



interest of students generally, to begin with a descriptiot 
of the chief points to be attended lo in the selection of 
microscopes of the ordinary patterns manufactured and sold 
I in this country — instruments constructed lo meet the require- 
ments cf the physiologist, the general microscopist, and the 
dabbler in science. Unfortunately no microscopes are yet 
manuikctured in this country for the special study of micro- 
petrology, but a good instrument of the ordinary type will 
be found to answer the purpose very weU if a few compa- 
raiively inexpensive alterations be made in it It is a 
Bmewhat ditBcult matter lo recommend the microscopes 
of any particular maker. Those by Ross, Powell and Leiand, 
Bedi, Baker, Murray and Heath, Collins, Browning, Crouch, 
ind Swift are all good according to the price. In the in- 
stnments by the three first-named makers the optical and 
mechanical arrangements are carried to the highest degree of 
perfection, while, in those by the others, there is a great amount 
Ofgood workmanship in the more expensive microscopes, 
md, in some of the cheaper ones which they supply, the 
ptrfotmance is very satisfactory. There are many other 
"lalters, besides those Just mentioned, who turn out good 
instniments, but as the author has had little or no opportu- 
"ily of testing them, he can only speak from experience, and, 
'■aving principally worked with microscopes made by Baker, 
"Sthinksit only just to say that the performance of his higher 
"Jsss instruments is good, and that they would, if supplied 
"ith con centri call y-rotating, graduated stages and a few other 
tei^ answer all the ordinary requirements of the petro- 
logiBt. Mr. Watson of Pall Mall now manufactures micro- 
Kope stands, specially suited for petrological work, at a 
■Boderate cost (For description, see p. 307.) 

Many observers prefer to work with binocular micro- j 

■copes, but they seem to offer few advantages and are infl 

some respects inconvenient, notably in the examma^YOti a 

ejects rnider high powers, unJess the prism be s\ie.62"' 

imrocted for their use fas that by PoweW and \-e\a 
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They may be verj- advantageously employed in the exami- 
aatioQ of sections of vitreous rocks, of detached crystals, of 
pulverulent matter, as volcanic ashes and residues procured 
by ievigation, but for the ordinary purposes of the petro- 
logist a monocular instrument will in most cases be found. 
to answer the purpose just as well, if not better. 

It is essential — 
(l) That the microscope should have a firm and toler- 
ably heavy stand, and that the whole instrument 
should be free from vibration when the observer 
is focussing, or when he is moving the object 

[■ (a) That the objectives should give a flat field, that they 
should be achromatic, and possess good definition 
and penetration. Better penetration is usually. 
procured with objectives which have not a veiy 
wide angular aperture. 

L<3) That the stage be so arranged as to admit of the 
object being moved about an inch both from t 
to front and from side to side, and it is also essen- 
tial that there should be an arrangement for rota- 
ting the object. If this rotation be concentric, 
so much the better. The stage should also be 
graduated so that the amount of rotation cai 
accurately measured. 

I (4) That the instrument be fitted with a polarising appa- 
ratus. The polariser should revolve with perfect 
freedom, and be so atranged that it can be removed, 
or, still better, displaced by turning on a hinge 
pivot, so as to afford the means of instantly changing 
from polarised to ordinar)' illumination. The anaw 
lyser should be fitted in a cap to slide easily over 
the eye-piece, so that it can be instantly removed," 
and there should be an arrangement so that the 
analyser and polariser can beaccuTaXeV'j ^'^■wishk. 
the longer diameters at rigiit an&\es, ot "wms^ \ 
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fi\ed in a sliding box or block just above the 
objective, as in the microscopes manufactured by 
Collins and one or two other makers.' On no 
account should the analyser screw into the top of 
the objective, as such an arrangement entails great 
trouble and loss of time. 

(5) Thai the eye-piece of lowest power should be fitted 

with crossed cobwebs for centering and for gonio- 
metric measurements, &c, and with either a Beale's 
reflector, or, better, with a camera lucida (Wo!- 
laston's prism) for drawing objects. If the latter, 
care should be taken to see that it performs well, 
and that the whole field is properly illuminated. 
The drawing made by the first instrument is re- 
versed ; by the Wollasion's prism it is represented 
in its proper position. 

(6) That the instrument be provided with a bnll's-eje 

condenser, or with a silvered side- re Hector, or a 
parabolic speculum, such as that devised by Mr. 
Sorby, and manu&ctured by Smith and Beck. 

(7) That a stop be placed so that the body of the instru- 

ment can be kept in a horizontal position when 
drawings are being made with the camera. 

The most generally useful objectives are the two-inch, 
the inch, and the half-inch, but higher powers are sometimes 
required. The objectives by some of the English makers 
arc very perfect in their performance, but some of the Con. 
tiaental ones are exceedingly good, especially those by 
Hartnack and Gundlach, and they are less expensive than 
those made by many of the English opticians. A good 
objective should be perfectly achromatic {i.e. no fringes of 
colour should he visible around the object). It ought also 

' A nseful fnnn of fittuig for analyser and polariser. adapted far use 
with an; microsciipe, has lately been devised by Messrs. Murray & 
lleatb, of Jernij-n Street. 
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afford a flat field (i.e. when the object is moved from 
part of the field to another it should appear well and sha 
defined, the change in its situation not necessitating 
alteration of focus). 

Mechanical stages, such as those moved by racks 
pinions, screws, &c., are not by any means neces^ 
although they are very convenient, especially when wort 
with high powers. A well-fitted sliding object-carrier wil 
ibund to answer very well when the hands have had a li 

Lctice in slowly moving the object from back to fron5 
Itiie stage, while properly educated fingers are capable 
giving a very steady transverse motion to the object Sp 
dips, as usually fitted to the stages of the cheaper rail 
scopes, have both advantages and disadvantages. Ud 
kind of clip be used the object topples over when. 
icroscope is placed in a horizontal position for dran 
Nrith the camera, or when the stags;, is rotated, while 

inary little sprhig clips are nuisances when it becoi 
ipeedful to examine sections which are in course of pre 
ition, as they cannot accommodate thick slabs of plate gl 
■Buch as those to which the pieces of stone are ceraeo 
when being ground down. Sub-stages or supplement 
stages {for carrying the polariser, spot lens, &c.), are of li 
or no use to the petrologist. They simply encumber 
microscope with troublesome adjustments, which are seld 
or never used, and which only get in the way. Moreoi 
when the polariser is fitted to a sub-stage a screen of 
kind ought to be used to prevent the passage of extranej 
light between the top of the polarising prism and the boUi 
of the stage, otherwise erroneous conclusions may be ana 
at with regard to singly refiTicting substances. It is 
better that the polariser should be directly attached to ' 
under surface of the stage. 

An achromatic condenser is occasionally useful to f 
petrologist wiieii examining feeb\y Uan^XuceW ^sjAtowi, 
the stage of the 
MiUtwQod's Jindq 



This consists of a series of minute squares photographed 
uMi a glass slide, each square bearing two numbers (fig. ifj)- 
!>is finder affords a ready means of p^^ 

gistering the exact position of any mi- i ^ i , i » i . i i ' 

ite object in a preparation, Unless a — i--i — L.J— 

ider be employed, much time is often _1_J ' ' ^ 

at ill the endeavour to re-discover any j 3 a a 3 
cry small object or any particular portion l I I t I 
t a section which has been previously 
ibserved. It is used in the following manner: — 

A small peg or stop is screwed into the object -carrier so 
iiat one end of an ordinary slide may abut against it 

When any particular object or spot is noticed, and it is 
desirable to record its position, the object is removed, with- 
out louching any of the mechanical adjustments of the stage. 
Bfe finder is then placed on the stage, with one end closely 
fccontact with the stop against which the end of the objecl- 
^ previously rested; the instrument is re-focussed if 
flttessary, in order to read the numbers in the centre of the 
lieli These numbers may then be recorded either on the 
label of the slide itself or in a note-book. When it is again 
requisite to find the object, the finder is put on the stage as 
before, and is moved about until the recorded numbers are in 
the centre of the field. It is then removed, the preparation 
is put in its place, and the required object will be found 
to occupy the place of the recorded numbers. 
I" Another finder, applicable to microscopes which have 
I not mechanical stages, consists in a metallic arm, hinged or 
pivoted to a fixed portion of the microscope above the 
stage. The arm is curved, and terminates in a point. When 
it is needful to register the esact position of some object ii 
I ibe field of view, the point of the arm is daubed with ink, 
li xad it is then brought down upon a paper label pasted on 
r One end of the slide which carries the prepaYation. T^Leie 
MAifuina a dot By again bringing this dot utviet *e } 
tefcf fiSea/m the desired object can at 0T\ce\ie\3to\i^'d 




into the field. To those who devote much time to making 
microscopic drawings it will be useful to have a small movable 
pjj. ^^ needle or indicator n {fig. 20), mov- 

able by a milled head h, fitted into 
one of the eye-pieces. By this means 
it is easy to find the spot at which 
the draughtsman was last looking. 

Brook's double nose-pieces, or 
the triple or quadruple nose-pieces 
densed by various makers, are con- 
venient, inasmuch as they facilitate 
the rapid interchange of objectives 
.,., I ,,..,,|. of varying power. Their workman- . 

! I'll ship is, however, seldom sufficiently 
ll' ' (I'jill good to render their use desirabte, 

with high powers, and (heir constaitt 
employment does not tend to J 
prove the performance of the fii* 
adjustment, with the tube of which they are connected 
Those nose-pieces which are turned up, so that the objea 
rives do not stand parallel when screwed on, are to be pra 
ferred, as they permit the free use of objectives of varyiiq 
length and of different foci, without the risk of jamming s 
objective against the stage, and so deranging the mechanisa^ 
of the nose-piece and fine adjustment, together with otlifl 
possible damage to the instrument. 

In selecting microscopes, those on the new Jackso 
model are greatly to be preferred for rigidity, steadiness, an 
accuracy of centering. 

The use of very deep eye-pieces should be avoided ; a 
A and F or a Na i and No. 2 eye-piece will, as a nil| 
lie all that are requisite. Deep eye-pieces entail feeM 
illumination, and augment any error which the objectivi 
may give rise to. 

Frog-plates, live-boxes, compressoria, and other like aj 
paratus, usually supplied with mictoaco^^ are of no usi 
whatever to the peUologist. 



It is occasionally very important to be able to deiermine 
lilh some degree of precision the angles presented by sec- 
tions of crystals as they occur in sections of rocks, or the 
angles of minute individual and unattacjied crystals. In the 
tater case it is essential that the crystal should be so arranged 
thai the faces whose mutual inclinations have to be measured 
are situated in planes parallel to the axis of vision. In the 
seaions of cr)-stals whicii occur in thin slices of rocks, it is 
fequently a matter of considerable difficulty to ascertain in 
"im direction the section has been cut ; and such sections 
ire not very often cut in directions precisely at right angles 
to, or parallel to, the principal crystal lographic axis, or to 
ny one of the lateral axes ; consequently measurements of 
6x angles offered by such sections are, as a rule, only 
approximate. Although, therefore, a very exact goniometer 
Is desirable, a tolerably good one will usually suffice. The 
amplest method of measuring angles under the microscope 
w to place the microscope in a horizontal position, and by 
means of the camera to draw the outlines of the two faces to 
be measured on a good-sized sheet of paper; these lines 
should then be prolonged, and the angle at which they 
lie to one another can easily be measured with a common 
protractor. By this means, howei'er, measurements cannot 
begoi to within less than 30' or at best 15'. Still, if the ' 
sKiion be not cut in exactly the proper plane, the results 
given by a more precise instrument would not be of any 
greater practical value. A very good goniometer, that known 
as Schmidt's, a form of which is manufactured by Ross and 
Powell and Leland, consists of a positive eye-piece in which 
a cobweb is placed ; around this eye-piece there is a gra- 
"iuated brass circle about four inches in diameter, and an 
ana carr)'ing a vernier and set-screw is attached directly to i 
Ihe eye-piece, so that when the arm is moved the eye- ^ 
piece itself turns together witli the cobweb. In u^ti^ \^\% ■ 
I mthiment. the cobweb is ai/gned on one of tHe feces o'i -e^^eB 
jfipsai and the movable mdex is brought lo O oa \ive tucNi* 



The arm is then turned until the cobweb is aligned on I 
adjacent face, the set-screw is turned to damp the arm, a 
the tiumber of degrees, minutes, &c., through which the ai 
has travelled is read off by means of the vernier, over whfi 
a small magnifier is usually placed. When the angles 
crystals occurring in sections of rock which are not ve 
translucent have to be measured by this instrument, dii 
culty is often experienced in seeing the cobweb distinct 
and this is one of the most serious drawbacks to thfi u 
} this kind of goniometer for petrologtcal purposes. Its utitj 

! would probably be increased if one half of the field v 

I obscured by the iosettion of a blackened semicircle of m 

'l within the focus of the eye-piece instead of the cobwe 

' Measurements of the angles of crystals may also be made ' 

I' tbe use of an eye-piece carrying crossed cobwebs, and 

\ concentrically revolving stage, if ihe stage be graduated ( 

I the margin ; but as such stages are only furnished with fir 

class instruments, the tuajority of students are not likely 
) avail themselves of this method. 

\ A microscope specially constructed for mineralogical a: 

1 petrologioil purposes has recently been devised by Pn 

f Rosenbusch, of Strassburg. The chief advantages of f 

I instrument consist — 

1(i) In the facilities for turning an object in its o 
plane between fixed crossed Nicols, the rotati( 
being concentric with the axis of vision. 
(2) In the ability to read off accurately the angle throt^ 
which the object may be turned in a horizon! 
plane by means of the graduation around the d 
cular stage, 
(3) In the facility with which the polariser and analya 
can be displaced and replaced, and the means I 
which the exact position of the principal sectio 
of the polariser and analyser can be noted, 
(4) WTiere the total extinclion of light by me; 
crossed Nicols interferes ■wil'iv i.W leaaMtivfti i 
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any mineral, means are provided for fticilitating 
observation under such circumstances. 
The peculiirities in the construction of this microscope 
usist in itie tube which carries the eye-piece and objective 
n (fig. ii), being, as it were, suspended within an outer 
tabe op, its only attachment being at the lop at ^ f. A 
block, r, is fixed between the p,, 

inner and outer tubes to prevent 
any rotation during focal adjvist- 
Bient This coarse adjustment is 
effected by hand, as in some of 
ikcheaper English microscopes, 
the thumb and forefinger sliding 
liie inner tube up and down by a. 
pressure on the disc d e, other 
fcgen being applied to the top, 
U, of the fixed tube. The fine 
adjustment consists of a micro- 
meter screw, shown at a. The 
unattached portion of the inner 
tube is steadied in the outer one 
^ means of a spring and three 
iittle screws set horizontally and 
capped with scraps of parchment. 
The arm of the microscope carries 
two screws with milled heads, 
one of which is shown at h. 
These are set at right angles to r 
one another, and serve to centre 

the tube in a manner presently to be described. Each 
eye-piece carries two cobwebs within it, which intersect at 
right angles in the centre of the field. To the outside tube 
ofeache)e.piece a small peg is fixed, which slides into a 
conesponding s\ot in the top of the inner movaWe tviie ol , 
£cmicmscape. This arrangement prevents any T:oV.a.\:\QU cfl 
:^eK-p>ec^. and so keeps the cobwebs in a fev-ed. ^oV 
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lion. An analyser,/, fitting in a brass cap, slides easily over 
the top of the eye-piece. The bottom of the cap is 
rounded by a bevelled flange, g, which is graduated to 5°. 
An index mark on the plate, d e, serves to record the 
angle through which the prism may be rotated. The stage, 
/, of the microscope has a circular form, and a circular 
plate or object-table, i, is arranged so as to revolve horizon- 
tally on it. This table is graduated on its margin, and 
an index to record the amount of the revolution which 
may be imparted to it is attached to the front of the fixed 
stage at /. Beneath the stage is set an easily displaceable 
potariser, consisting of a Nicol's prism, which revolves 
within its external tube by means of the disc, v, which is 
graduated to 10°, and has its index marked on the fixed 
outer tube, z. This polariser does not turn when the object- 
table is rotated, but remains unaltered in position. A plaie 
of quartz, 375 millimeters thick and mounted in a htile brass. 
fitting, is shown at y. It slides into a corresponding slot. 
situated close to the lower end of the inner microscope tube 
and above the objective, which is omitted in the figure, 
. small plate of calcspar for making stauroscopic measure- 
nients is also supplied with the microscope, together with a 
brass ring for fixing it above the eye-piece and beneath the 
analyser. 

The following directions for using this microscope a 
extracted from Professor Rosenbusch's paper.' 

If any particular spot in an object, such as a granule of 
magnetite, be brought exactly under the point of intersection 
of the eyc-piece-cobwebs, i\f. in the middle of the field of 
vision, and the object-table be then turned in its horizontal 
plane, the inner tube of the microscope will be found t 
hang neither vertically nor concentrically without the intei 
veiition of the centering screws, while the spot under 
observation will not remain in the i^itre of the field, and 
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tmder the point of intersection of the cross-bars a a and ^3^3, 
(&g. 22), but will describe an eccentric circle somewhat in 
the manner shown in fag, 22. The tube of the microscope 
must therefore be placed vertically; in other words, the 
instrument must be centered by 
means of the two centering 
screws, one of which is shown 
at A in fig. 21. It will be seen 
hy fig. 22 that the optical axis of 
the microscope is at o, and not 
at tf, and, in order to get proper 
cenlridty in the movement, the 
. spot Of should be made to coin- 
cide with 0. To effect this the 
end of the tube must be moved 

m the direction of 0, o. By means of one centering screw 
it will be driven in the direction o^ r, and by the other in the 
direction o^ /i. When these adjustments have been properly 
made, the spot should be brought exactly under the inter- 
section of the cross-bars in the eye-piece, and should remain 
there during the revolution of the object-table. 

When this operation is once properly performed, any 
other spot or part of an object which may be brought into 
the field will, upon rotation of the object-table, be found to 
revolve concentrically, so long as the same eye-piece and 
the same objective are used, but if one or other of them 
be changed, it will usually be necessary to re-centre the 
instrument This will, however, generally entail only a 
slight alteration of the centering screws. The movement 
iraported to the microscope tube by these screws tends to 
throw the analyser slightly out of position with regard to 
the polariser, but the inventor finds that this produces 
scarcely any appreciable error. In testing the pleo- 
chroism of a mineral, the object-table bearing the sec- 
tion may be revolved above the fixed polariser, or the 
polariser may he turned benesith the stage, tYit ^f adv\;yXvcycv^ 
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affording facilities for determining the position uf tO 
pleochroitic maxima. 

The principal directions of vibration in a mineral seq 
tion may be determined by inserring it in the maxiraua 
extinction of light between crossed Nic 
is incapable, under these circumstances, of appreciating ii 
certain cases very slight differences in the transmission d 
light by depolarisation, a calcspar plate is inserted in tl 
stanroscope between the analyser and tlie s 
mineral under examination. The interference figure of tli 
calcspar appears distorted, until a direction of principal 
vibration in the section coincides with that of the polari 
In stauroscopic measurements very precise results mayW 
arrived at by the employment, not of ordinary white li^' 
but of monochromatic light derived from a coloured % 
flame ; this method, however, although useful when a 
ordinary stanroscope is used, is inapplicable to microscopi^ 
research. In microscopic examinations a plate of quart 
375 millimeters thick is used instead of a calcspar platej 
where this is employed a monochromatic field is procure! 
When the principal direction of vibration in the analyse 
turned at a different angle to that of the polariser, the fieH 
will become changed to various colours, where douM 
refracting bodies are situated in the field of view, and the! 
principal directions of vibration do not coincide with tha 
of the polariser. By turning tlie object-table until suq 
coincidence is arrived at, a purely monochromatic fieH 
will be produced j very slight movement of the objed 
will again suffice to destroy the monochrome. The employ 
ment of such a quartz-plate is most useful when very feel:^ 
double-refracting media are being examined, and also fa 
detecting isotropic particles in rocks with admixtures q 
amorphous paste of a doubtful character. In addition ti 
the apparatus here described this microscope as manutag 
tured by Fuess of Berlin (AUe ^actto S\.va=.se, vq9.^ ' 
supplied with three eye-piecea a-nd ihiee bb^ettwes q^ ■& 
aack-s make, wh^save^M^^^' ^^''^'■'^^ 
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jout 90 to 1,150 diameters, and by the use of the different 
re-pieces affording a series of 9 different powers. An 
^e-piece micrometer and an apparatus for heating objects 
nder examination, and recording the temperature by means 
>f a thermometer, are also supplied with this instrument. 
Some useful modifications of Prof. Rosenbusch's microscope 
bave been made by Prof. Rdnard and described by him in the 
*Bulletins de laSocidtd beige de Microscopie,* tome iv. 1877-78. 
In the *Neues Jahrbuch fur Mineralogie, &c.,' 1878, p. 377, 
Professor A. von Lasaulx has described methods of con- 
verting ordinary microscopes so that they can be employed 
for the examination of minerals in convergent polarised 
light Another paper by the same author, op, cit p. 509, 
written a couple of months later, describes the construction 
of a polariscope, suitable for purposes of demonstration, 
which consists in part of the tube and NicoFs prisms of an 
ordinary Hartnack's microscope. A microscope devised 
for mineralogical and chemical purposes was devised some 
years since by Dr. Leeson. It was manufactured and 
improved by Mr. Highley, by whom it is described in the 
'Quarterlyjoumal of Microscopical Science,' p. 281. Another 
microscope, specially constructed for the examination of 
substances in hot acid solutions and corrosive fluids, has 
been devised by Dr. Lawrence Smith. In this instrument 
the stage is placed above the objective, and the object is 
viewed fi:om the under surface of the slide. ^ 



CHAPTER VIII. 



METHOD OF PREPARING MINERALS AND ROCKS FOR 
MICROSCOPIC EXAMINATION. 

The preparation of thin sections of minerals and rocks for 
maroscopic examination, although effected by simpV^ Tt\^'^w'^> 

'jfjf^a/x ^aur^a/ ^/ Scj^fue, 2nd series, vol. x\v. 1^^^, T\vt 
^STs^e.^ '" ^"""^ ^"^ ^''^^ '^^ ^^ Microscope, \s^ T>x 
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presents numerous difficulties to those who have had i 
previous experience in work of this kind. The object rf 
the present chapter is to supply plain instructions concerning 
the needful appliances and the methods of manipulation'' 
by which such sections may be successfully made. 

It is true that sections may be prepared by lapidaries^ 
and that the student is thus spared considerable labour anf 
loss of time ; but he will find, at all events in the earliqi 
stages of his work, that there ary certain advantages whie^ 
he will derive from the preparation of his own sectiow 
These advantages consist mainly in the facilities which \ 
will have for testing the hardness of minerals, their deportt 
ment with chemical reagents, and the dift'erent appearancrt 
which they present when examined at intervals while th< 
process of grinding them thinner and thinner is 1 
carried on. The apparatus needfu! for such work is of i 
very simple kind, but more or less complex appliances fi 
cutting and grinding will be found advantageous. 

As it is desirable to lessen the labour of grinding fl 
much as possible, the first thing to be done is to procure a 
ihin chip or a thm slice of the mineral of rock about to 
examined. A square inch is a convenient size for the c 

or slice, as such a piece will oFtcn undeige^ 
considerable diminution before it is reducedl 
to a sufficiently thin state. Chips may 1 
procured by using a small hammer, but fre- 
quently a numbtr of flakes have to be 
struck off before one of suitable size, tliinnes% 
and flatness is got When the specimen i; 
very small, and difficult to hold in the hao^ 
while the hammer is used, a satisfactorj' chii 
may often be procured by holding the fragment in a suitabj 
position on the edge of a cold chisel either let into a blod 
of wood (fig. 23), or screwed into a vice, but then tb 
I Mr. F. G. Ciiliell (52 Ntw Compiun Slreei, Soho) ptepires ai| 
' mirable ssi-t'iona. 
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-tor must lake care of his fingers. In ihe chipping of 

rliard rocks it is also advisable to protect the eyes, 

ly when the hammerer is not well practised in slonc- 

For this purpose a pair of wire-gauze spectacles 

found useful. When cleavable minerals are to be 

,th it is best to avail oneself of the cleavage, but also 

which direction of cleavage the plaie is struck off, 

it be desirable to make a section in some other 

than that of cleavage, a slitting or sawing process, 

hereafter to be described, is the only way in which such a 

section can be procured. 

When a suitable chip has been struck off the specimen, 
tte fiisi thing to be done is to grind one side of it perfectly 
flat This may be accomplished either by grinding it by 
hand on a flat cast-iron piate with moderately fine emery 
ind water, or by using a machine with a revolving leaden 
Isp, similarly charged for the purpose. The former method 
is Ihe more tedious, and, although preferred by some people, 
« lat less convenient than the latter, supposing the operator 
lo have a suitable machine at his command. There are 
wious forms of machines which have been devised for 
tliis [lurpose, some of them being worked by a treadle and 
otfiers by hand ; the latter are the more portable, but the 
fwoier are usually considered easier to work. Machines 
oTboth kinds are manufactured by Fiiess, of Berlin, and other 
"Biers. Good treadle machines, devised by Mr. J. B. 
Jordan, of the ' Mining Record ' Office, may be procured from 
Messrs. Cotton & Johnson, zi, Grafton Street, Soho, and 
*ill be found to be well suited for the purpose. These 
nadiines are supplied with sHtting discs for sawing off thin 
slices of rocks or minerals, and with laps for grinding them 
down to the requisite degree of thinness. 

The following details of construction, extracted from the 
Journal of the Quekett Microscopical Club, together with 
the use of the illustrarioti, have been kindly furnished byj 
the inventor ; — ' As wjll be seen from the diagtaia \Ki\(S< 
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this machine consists of a wooden frame-work, a a, support^ 
ing a crank -axle and driving-wheel, the latter being two feel 
in diameter ; the top part of this frame is formed of twq 
cross-pieces, a', fixed about an inch apart, as in the bed c 
an ordinary turning-lathe ; into the slot between them i^ 
placed a casting, u, carrying the bracket for the angle; 
pulleys, c ; this casting is bored to receive the spindle^ 1 




which, by means of a treadle, can be made to revolve at 
the rate of 400 or 500 revolutions per minute; it is also 
fitted with another spindle, e, having a metal plate, 
fixed on the top, for carrying the small cup, h, to which the 
specimen is attached by means of prepared wax. This 
method of mechanically applying the work to the slicer is 
far preferable to holding it in the hand in the ordinary way j 
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the requistip pressure against the cutting disc is regulated 

^1 the weight, c, and tlie thickness of the slice by the 

"iiimb screw, k, on which the spindle rests. By this means, 

" 's possible to cut thin and parallel slices — the thinness of 

course varying according to the strength of ihe rock which 

Is being operated upon. The slitting disc is made of soft 

"Dn, eight inches in diameter, and about jV of an inch in 

""'cWness, and it is fixed on the spindle, d, between two 

■"ass plates or washers, four inches in diameter, by means 

"' tile nut, n. The lap or grinding disc is eight inches in 

Qiarjieter, of lead or cast iron about f of an inch thick in 

~^ centre, and having rounded edges and slightly convex 

"des; this form facilitates the grinding of uniform thinness, 

"■^x-e being always a tendency on a flat surface (which soon 

'"'^3-rs hollow) for the edges of the section to grind away 

''^fcire it is sufficiently thin towaids the centre." 

In using such a machine for slitting off slices the edge 
*•[ one of the thin iron discs should be charged with 
^•Biond dust This should be worked into a paste on a 
®^-Td or in a small watch-glass (a stand for which may be 
"*^.de with the rim of a pill-box cover), with a Hltle sweet oil, 
^*^ri the mixture taken up in small quantities on the end of 
* crow-quill suitably cut, and it should then be applied 
'^^lefully to the edge only of the disc, the disc being slowly 
*^tned by hand for a short distance, say an inch or two, 
*-t^d afterwards rubbed in hard with a short but thick piece 



of glass cylinder about half an inch long, fitted to a pronged 
handle in such a manner that it acts as a roller(lig. 25). 
This process should be continued until the entire edge of 
the disc has been weli charged. Thep\ece»AiAOTie.Vi\w.^ 
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should then be fixed firmly in the small metal cup which 
afterwards to be clamped in the movable arm or plate pi 
vidcd for its reception. The chip or fragment of atoif 
may be fixed in the cup by means of Waller's wax, otherwis 
knowTi as red cement. Small fragments of the cemeJ 
should be placed in the cup and the whole held over 
spirit lamp or a Bunsen's gas-biimer until the wax is fairt 
melted. The piece of stone, previously warmed, is the! 
pressed firmly into the wax. 

It is well to press the cement while yet warm close 
round the fragment, which is best done with a coM met 
point. It may then be allowed to remain until it 
quite cold. After fixing the cup into its arm or pla 
the latter should be adjusted to the proper height for fl» 
disc to make the first slice. Suitable pressure shoul 
then be applied either by hand, by a pulley and weight, o 
by an elastic spring, fitted by one end to an upright rod c 
(he table of the machine and by the other to a stud fixed t 
the carrying arm. Under any circumstances it is better ' 
assist the regulation of pressure by hand. It should also 1 
observed that, in commencing the process of slitting, tl 
edge of the disc should first be brought into contact with af| 
comparatively flat or rounded surface of the fragment ofl 
stone and not with a sharp edge, as, in the latter case, the 
diamond dust will probably be stripped off during the first 
revolution of the disc. This is a point to be very careful^ 
observed : indeed it is better for the first few revolutions ti 
apply the pressure entirely by hand. Oil-of-brick, or a mix 
Hire of soft-soap and water, should then be applied to thi 
edge of the disc at a spot just in front of the stone, so th* 
it may be properly lubricated before it traverses the han 
surface, and on no account ought the disc to become dij( 
while cutting, or the diamond edge will instantly be lostj 
The application of the lubricant may be made either b^ 
means of a brush held in the letl Viani ot \rj » &t\'^\s^ 
apparatus, such as a tin pot with a \eTy smaNV xa.^ 'wK.e.i^ 
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tlie bottom. The disc should next be set in motion and a 
steady pressure and constant lubrication kept up until the 
slice is cut off. The canying arm should then be raised, 
say one-eighth or one-sixteenth of an inch, according to the 
lenadty of the mineral or rock which is being dealt with, 
and a like process should be repeated until the second cut 
ii finished, when the slice is ready for grinding. The pro- 
cesses connected with the grinding of a sawn-off slice and of 
a hammer-chipped fragment are identical The leaden lap 
should be substituted for the slitting disc. Two pots or 
saucers should be at hand, the one filled with moderately 
fine emeiy and the other with water. A house -painter's 
tirush (a small sash tool as it is technically termed) should 
tben be dipped in the water and afterwards in the emery, 
atid the resulting paste smeared all over the upper surface 
of the leaden grinding-kp. The machine should then 
l>e set in motion and the slice or fragment be finul)- 
led on the surface of the lap by the fingers of one or 
of both hands, care being taken to keep the finger-tips 
i^ear of the revolving lap. A little practice will soon teach 
file operator the best way of doing this. When a good, 
even surface is procured in this way, the slice or chip 
""ght to be carefully washed and wiped to free it from 
^11 adhering particles of coarse emery, and then the some- 
'>'hat rough surface should be rendered as smooth as 
possible by grinding the fragment by hand on a flat brass 
slab, or on a slab of thick plate glass, about six or sever, 
'nches by four or five inches in diameter, smeared with the 
finest flour-emery and water. The motion of the hand in 
E'lnding should be a circular one, and it should be carried 
systematically all over the plate, so that the latter may not 
hecorae unequally worn. When a perfectly smooth surface 
IS procured the process must be stopped and the fragmeni 
^gain thoroughly washed and cleansed fi-om all adhering 
sniery. The next process consists in cementing the smooth 
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surface of the stone to a small slab of plate glass 
two inches square and about a quarter of an inch or more 

thickness, the edges being previously 
ground roughly on the lap to ai 
the risk of cutting the fingers, in i 
it should slip when pressed on 
revolving disc. One of these si 
glass slabs should be placed u] 
an iron, brass, or copper plate, 
ported either on a tripod or by otl 
means, over a Bunsen's gas jet (1 
26) or a spirit lamp,' and a few scraps of the oldest and dri( 
Canada balsam which can be procured should be laid u' 
the top of the glass, 
piece of stone to be 
cemented also beii^, 

-^ ^-, laid on the iron plate 

^'J^ -^.. ■■■^yj^ ■^■'^f^.i^ l^ (but not on the glass 

slab) with its smooUjljfi 

ground surface uppermost. The jet or lamp should now be 

lighted and the gradual liquefaction of the balsam carefiil^ 

pjj. ^^ watched. As soon as the balsanf 

liquefies (it ought on no account tQ 

be allowed to approach ebullitionj 

the piece of stone should be takot 

up, reversed, and its smooth sui ' 

pressed into the balsam and on \fi 

the surface of the glass slab (6g. vf)f. 

The slab should then be pushed to the edge of the hotplate : 

' A good form of spirit lamp (fig. aS) roaile for coating 
but admirably ndnpted for microscopical mouDling, is sold by Scott.J 
Son, 42 Bedford Street, Strand, London, and costs less than two sir 
lings. It is made of tinned iron ; the wick is stuffed into a tinned in 
cylinder an inch in diameter, and a cap with a brass collar screws 1 
the burner when it is not in use. On the sides of the lamp are tt 
small sockets which carr^ bent iron wires, thus forming a strong trip 
upon which a copper or iron plate can be placed for 1 




lat it can be conveniently removed by a small pair of 

The tongs best adapted for this purpose consist of 

ordinary wine-cork cut in half, the separate halves being 

(feed to a jointed arm, such as an old pair of compasses 

dividers (fig. 29). With these the comer of the slab 

be firmly held, and it ought then to ^^^ 

upon a piece of wood or thick paste- 
Uid on the table and the piece of 
i!y squeezed and held down on the 
until the balsam begins to harden, 
purpose the cork ends of the tongs 
ied, as the stone is usually too hot 
igered. All these processes must be 
performed. The slab should then be 
and exammed from its under side 
to see that no air-bubbles have been included 
between the glass and the stone. Should they be present 
in any quantity, the slab must be again placed on the hot 
plate, the balsam liquefied, the stone detached, and both 
Jlone and glass cleansed from balsam by means of tur- 
pentine or benzol, and the whole process of cementing 
treated, as otherwise there would be great risk, if not cer- 
tonty, of the stone becoming detached from the slab in the 
Uet stages of grinding, and it is far better to undei^o a little 
sddilional work in this way than to run the chance of sacri- 
Wag all the labour previously devoted to the preparation 
ofthe chip and that subsequently expended on the second 
sage of grinding. It is needful to impress the operator with 
Ae importance of using hard or dry balsam in cementing 
the chip to the slab, otherwise failure is almost sure to 
ensue. When the balsam is fairly hardened so that scraps 
of it surrounding the stone can be scraped off and rolled, 
almost without adhesion, between the fingers, the slab ought to 
be taken up, reversed, and the adhering stone gtoutvi a^vn 
wii coarse emery and water on the iron plate ot ow ft« 
"■''-lapofthem^hme. When the stone Vias \iewEe 
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duced sufficiently to transmit light, great care must be taken, 
and, if the section be very thin {i.e. if the stone be naturally 
rather opaque in thin plates), the pressure upon it should be 
diminished. The process of grinding with coarse emery 
must not be carried too far, as, when the section is ex- 
tremely thin, it may oftei be entirely removed by one or two 
turns of the lap, Tlie slab and its adhering section should 
then be thoroughly washed and freed from al! traces of 
emery, and the final grinding conducted by hand on the 
brass plate or glass slab willi flour-emery and water. In 
the very latest stages a few drops of paraffin may advan- 
tageously be used in order to diminish friction. During this 
final grinding the section should he frequently examined 
under the microscope, but must be thoroughly washed and 
cleansed prior to each examination and a drop of turpentine 
placed on its surface to increase its transparency. Now is 
the time to apply tests to the different component mberals, 
if the section be a rock oi an impure mineral, and doubt 
exist as to the nature of any of the substances presen^ 
Some operators employ rouge for polishing the section m It 
very last stage of preparation, using a piece of parchment flj 
the surface on which to polish it. The slab, with the adh^ 
ing section uppermost, must once again be placed on lltj 
hot plate, while a watch-glass containing turpentine and 
placed on the rim of a pill-box or other support should big 
nearathand. When ihebalsamis thoroughlyliquid.theopcra^ 
tor should take the slab off the hot plate with the cork tongt^ 
and by means of a blunt-ended wire (lig. 30), held in the rigli| 
hand, gradually push or slide the section off the slab int^ 
the turpentine contained in the watch-glass. He ought the* 
to hold the watch-glass by means of a wire ring, or a pail 
of crucible- tongs or forceps, over the lamp or gas jet suf- 
ficiently long to heat the turpentine or even to make it bo^ 
but tbc watch-glass must be kept at a suitable distance froa 
the flame to prevent ignition. It may then be replace^ 
on its support, and the section should be vcty gently tumtf 



jver and washed in the turpentine by means of one, or two, 
small camel's-halr bmshes. A glass slitle (those in ordinary 
use for microscopic prepararions are perhaps as good as any 
for size ; i in. by 3 in.) must then be placed on the hot 
plate, which, however, should have been allowed to cool 
beforehand ; a drop f,u. 30. 

of ordinary fluid Ca- ^^^^^^^^^^^^^^^^h^^ 
nada balsam placed ^^^^-^^^m^^^^^^^^^ 
carefully on the middle of the slide and the gas or lamp lighted 
underneath. The section should then be taken out of the 
turpentineby means of a needle mountedinahandle(fig.3i). 
This may be done Fig. 31. 

bygently piishing the -^ ^^^M^^^JM^ 

needle underneath 

the section and slowly raising it, when the section will usually 
adhere to the side of the needle. Superfluous turpentine 
may be removed from the section by touching its lower 
edge with the finger, 

on to which the tur- | 

peiitine will flow. ^^ 
During this short 
process the balsam on the slide ought to be closely watched 
to see that it does not get overheated. Should it boil it is 
useless to proceed until another slide with fresh balsam has 
been warmed sufficiently, without boiling. The lower edge 
of the section should then be placed on the balsam, the 
upper edge being supported by the needle, and it should 
be allowed to subside gently on the balsam, so that no air- 
bubbles are included. The slide must be at once removed 
from the hot plate, or, better still, it should be removed before 
lajring the section upon it. The section can be gently moved 
about by means of a needle, to induce the balsam to pass 
over its edges, and the needle may then be used horizontally 
to drag the balsam over the upper surface of the section. 
If this cannot be easily accomplished, an additional dro^ 
of baJsam ma/ be placed on the top of the settioTv, Mvi*&>a 
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whole very slightly heated. When the section is complete! 
covered with balsam, a thin and clean glass cover of suitatw 
size should be taken in a pair of forceps, held for an in^ taT^ 
over the gas or lamp flame, and be let down gradually on 
the section. It should be gently pressed on the surface to 
bring it close to the section and to drive out any air-bubblei 
a slightly rotatory motion will be found useful for the lattt 
purpose. 

The slide may then have most of the superfluoil 
balsam scraped off, and be numbered or labelled by mea,n; 
of a writing-diamond, and set aside to dry. When i 
remains of the superfluous balsam is found to be tolerabi 
hard, it should be removed as much as possible by a 
with a square end, fig. 32 (if one with a point be used there! 
danger of dislodging the cover), and the remainder may b 
cleaned off with a rag dipped in turpentine, or, better still, 
in benzol. The preparation is then complete, unless the 
operator likes to stick paper labels on the ends of the sUdfii. 
The writing on paper labels has the advantage of being morft 
easily legible than diamond-writing, but brief names 
numbers should always be first scratched on the glass wit 
a diamond, as the scratches help the paper label to adher 
more firmly, and, what is still more important, they aie/wt 
watuinl records, so that if labels become detached the section 
can still be identified. Some mounters etch the names a 
numbers on the ends of their slides by hydrofluoric acid, bffl 
the marks left by a writing-diamond are more legible a 
take far iess time to do. In preparing sections of very soj 
and friable rocks the following process, communicalo 
to me by Mr. John Arthur Phillips, may be had recoura 

The chip, which may to some extent be previoualj 
hardened by saturation in a mixture of balsam and benzo 
until thoroughly impregnated with it, and afterwards drie4 
should be gently ground or filed down until a smooth, eveo 
sui&ce is procured ; this soiCace must ^tu^ \i^ ^)Xax^«& 
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toa piece of a glass slide cut about an inch square, and this 
again fixed in a similar manner by old balsam to a thicker 
piece of glass if needfiil, so that it can be conveniemly held 
whilfii the grinding is carried on. When it is reduced to 
SQch a degree of tenuity that it will bearno more grinding, 
even with the finest materials, such as jeweller's rouge, and 
when the removal of the section from the glass to which it is 
attached would almost inevitably resvUt in tlie destruction of 
the preparation, the lower piece of glass should be warmed and 
separated from the upper pieca which bears the section, and 
this, with its attached section, should be again cemented by 
the under side of the glass to an ordinary glass slip, covered 
in the usual way, and, if the edges of the section, or its 
glass, be disfigured by grinding, a ring or square margin of 
Brunswick-black, or asphalt, may be painted over the 
unsightly part. 

Mr. E. T. Nettlon, the Assistant Naturalist of the Geolo- 
gical Survey, wlio has suecessftdly examined the microscopic 
structure of many varieties of coal, has favoured me with the 
following notes upon the methods employed by him in 
making his preparations : — 

One important point to be noticed at the outset is, thai 
lothing like emery powder can be used for the grinding, as 
the grains embed themselves in the softer substance of the 
coal, and, when the section is finished, will be seen as minute 
bright spots, thus giving to the section a deceptive appear- 
ance. For the rough grinding an ordinary grindstone may 
be used, and for the finer work- and finishing, a strip of 
pumice stone " (or conmdum stick), and a German hone (or 
water of Ayr stone}. The form of these which has been 
found most convenient is a strip about 1^ inches wide and 
about 6 inches long ; the thickness is immaterial ; one of 
the broader surfaces of these must be perfectly flat, Having 
selected a piece of coal with as few cracks as possible, cut off 
a piece with a saw about | of an inch square and perhaps 
i of an inch iJiJcJc. One of the larger surfa.ce,s\sX'&KaTi&^ 
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fiat on the pumice stone, keeping it well welted with watev 
and then polished upon the hone, also moistened with watt^ 
Sometimes it is found to be advantageous to soak the pied 
of coal in a very thin solution of Canada balsam in chloro 
form or benzol, as directed for softer rocks (p. 70), 
solution of shellac in spirits of wine ; in either case allowi 
the specimen to dry thoroughly in a warm place, 
polished surface is next cemented to an ordinary microscopiJ 
glass slip (3 inches by i inch) with the best marine glue; anfl 
this process requires care, for it is not easy to exclude 3 
the air-bubbles, and, if they are not excluded, the section tij 
very apt in the last stages to break av/ay wherever thej 
occur. The piece of coal is next reduced to about -^^ of 4jl 
inch by means of a grindstone; some of the softer kinds n 
be cut down with a penknife. Care should be taken not t 
scratch the glass in the process of grinding, for most sectioQt 
of coal, when once ground thin, are too fragile to allow a 
their being removed from the glass, but have to be covered 
and finished off upon the same slide. The pumice stone t 
conmdum stick is next brought into use. The section being I 
turned downwards, hold the glass slide between the middle'J 
finger and thumb, whilst llie forefinger is placed upon tl 
centre of the shde. In this manner the section may t 
rubbed round and round over every part of the pumia 
using plenty of water, until it is sufliciently reduced i 
thickness ; experience alone showing how far this procea 
may be carried. The secrion is finally rubbed in 
manner upon the hone {or water of Ayr stone). It is soraa^ 
rimes found necessary to use the hone even while the si 
tion is absolutely opaque, for many coals are so britdj 
that they crumble to pieces upon the pumice lot 
before they show any indications of transparency, 
sufficiently transparent the section may be trimmed widj 
a penknife and the superfluous marine glue cleaned off. * 
section is now to be moistened with turpentine, a drop ij 
ordiaaiy Canada, balsam (not too IjaiA"^ "pVactd li^™ *> * 
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the usual way. \Vhatever heat is necessary 
be carefully applied to the cover glass by reversing 
the slide for a moment or so over a spirit lamp, otherwise 
the marine ghie may be loosened and the section spoiled. 
Balsam dissolved in benzol must not be used for mounting, 
»s the benzol softens the marine glue, and a good section 
may in this way be destroyed.' 

^Vhen no section -cut ting or grinding apparatus is at 
hand the petrologist may sometimes gain a rough insight 
iato the mberal composition of a rock by coarsely pul- 
verising a small fragment, and examining the powder under 
the microscope. In such crude examinations levigarion 
may occasionally be advantageous, so that the p,^ „ 
minerals of different specific gravity which com- 
pose the powder may be examined separately. 

In the case of very soft rocks such as tuff's, 
ckys, &c., useful information may sometimes be 
acquired by washing to pieces fragments of the 
rock ; in this way a fine mud and often numerous 
minute crystals and organisms may be procured. 
The best apparatus for effecting this gradual 
washing is a conical glass about 9 or 10 inches 
high, across the mouth of which a cross-bar of 
metal or wood is fixed. A little hole drilled in 
the centre of the bar receives the tube of a small 
thistle -headed glass funnel. Roughly broken 
fragments of the rock should be placed in the bottom of the 
conical glass, and the apparatus set beneath a tap, from 
which a stream of water is continually allowed to nm into 
the mouth of the funnel, the overflow trickling down the 
sides of the glass, which should consequently be placed 
in a sink. In this manner a constant current is kept up, 
and the fragments at the bottom of the glass are continually 
turned over, agitated, nibbed against one another, and gra- 
dually disintegrated. This action should be kept up, often 
ioT ranny days, untii a consideraWc amou-K ol &.sm.Vt^gM^sA. 
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matter has accumulated. Samples should then he I 
out by means of a pipette and examined under the n 
scope. 

When the observer wishes to mount either such mater 
or fine scaly, powdery or minutely crystallised minerals, tl 
best method is to spread a little of the substance on a 
slide, moisten the powder with a drop of turpentine, and H 
add a drop of Canada balsam, and cover in the ■ 
manner. If the attempt be made to mount such substance 
directly in balsam, without the intervention of turpentine g 
some kindred medium, air-bubbles are almost certain to b 
included in the preiiaration. 



CHAPTER IX. 



It is only possible in this short chapter to give a si 
sketch of some of the optical properties of minerals. ' 
student will find the subject more fully treated in the Ti 
Books of Mineralogy and of Light, published in : 
series. 

The phenomena of polarisation are also described in s 
many text-books of physics, some of which are speciaU^i 
devoted to optics and others exclusively to the study c 
polarisation, that for further information on the subject t' 
reader is referred to the following works : — 

'Manuel de Mindralogie,' A. Descloiieaux (Introduction), I 
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I, pp. 13-18. J 

t of Physical ] 
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Text-Book of Mineralogy," E. S. Dana. Wiley &. Sons, 
New York. 1S78. 

Elemente d. Peirographie,' A. von Lasaulx, | 
Bonn. 1875. 

■ The Nature of Light, with a General Account 
Optics,' by Dr. Eugene Lommei, International Scientific 
Series. 1875. 

'Lectures on Polarised Light,' delivered before the Pharma- 
ceurical Society of Great Britain, by J. P(ereira}. Longman. 
1841. 

'Mikroskopische Physiographie d. petrographisch-wichtigen 
Mineralien,' by H. Rosenbusch. 1873. Pp. 5S-107. 

'Polarisation of Light,' by Wm. Spottiswoode. Nature 
Series. 1874. 

'Noies of a Course of Nine Lectures on Light,' by John 
TpdaU. 1872. 

' Six Lectures on Light,' delivered in America, John Tyndall. 
JndediL 1875. 

'A Familiar Introduction to the Study of Polarised Light,' 
by C. Woodward. Van Voorst. 1861. 

'Mikroskopische Bcschaffenheit d. Mina-alien u. Gesteine,' 
l>rF.ZirkeI,p. 16. Leipzig. 1873. 
'PliysikalischeKrystallographie.' Groth. Leipzig. 1876. 

For the purpose of investigating the optical properties of 
niiiiErals, various instruments, such as the tourmaline pincette, 
llie dichro scope, the stauroscope, Norremberg's polariscope, 
rfescloizeaux's polarising microscope, Rosenbusch's stauro- 
•"Kroscope, &c, have from time to time been devised The 
^patatus most commonly employed with microscopes con- 
sisis of two Nicol's prisms, one fitted beneath the stage of the 
niicroscope and the other above the eye-piece of the instru- 
inent or above the objective, the lower one acting as the pola- 
fiser, the upper one as the analyser. The analyser is sometimes 
so fitted as to be incapable of revolution, but the polaiiser is 
always encased in a tube m which it can freeVy levoVjt, ■&& 

aeed/iii movement being imparted diiect\y by Wiii, «Q? 

■^ '• rack'work is 6tted to the sub-Stages o^ some 
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cfoscopes, the simpler method of turning the polariser isb 
isx the best. It will also be found most advantageous ti 
have the analyser fitted in a cap which slides over the eye- T 
piece of the microscope, for it is desirable that there should J 
be as little difficulty as possible in removing and replaci 
either of the Nicols. 

When the principal optical sections of the two Nicols, i 
when the shorter diagonals of the two prisms coincid 
in direction, the field of the microscope appears clear a 
well -illuminated. When, however, they are set at righ 
angles to one another, there should be a total extinction o 
light, the field appearing perfectly dark. In intermediafe 
positions the field becomes more or less obscure, the obsco 
rity increasing as the principal sections of the Nicol 
approximate to an angle of 90°. It is advantageous to haw 
the means of setting the two Nicols accurately at rights 
angles. 

Supposing the Nicols to be crossed and the field to b 
quite dark, a slip of glass or a thin slice of rock-salt, if place 
on the stage of the microscope, will produce no change, th 
field still remaining dark This is owing to the glass and thi 
rock-salt being singly-refracting or isotropic substances, tb 
one amorphous and the other crystallising in the cubic e 
tern. All truly amorphous substances, i.e. those in which n< 
crystalline structure is developed, are singly- refracting, % 
long as they are not subjected to conditions of abnorma 
strain or sudden and unequal changes of temperature re 
suiting in corresponding molecular disturbances, but sina 
such phenomena are only observed in thick plates of glass 
&c., and are engendered by artificial means, they do no 
specially concern the petrologist Again, not only rock-salt 
but all other minerals which crj'stallise in the aibic system 
are, with one or two doubtful exceptions, singly refractive 
If we interpose between crossed Nicols a thin section of* 
porphyritic pitchstone, the field of the microscope will no 
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longer appear totally dark The matrix, or the pitchstone 
itself is vitreous and behaves like glass in being singly- 
refracting and so affords a dark ground, but the porphyritic 
crystals, which are frequently felspars or micas, appear 
brighdy illuminated, and often polarise in brilliant colours. 
MicroHths or crystals too minute to be identified with any 
particular mineral species, are also of common occurrence 
in pitchstones, forming strings or streams, their longest axes 
lying in more or less definite directions. These microliths 
also frequently polarise. Such doubly-refracting crystals 
and microliths, therefore, appear brightly illuminated, while 
the glassy matter in which they are imbedded remains dark 
between crossed Nicols. 

All minerals which polarise, in other words which exhibit 
double refiraction or are anisotropic, are neither amorphous, 
nor do they crystallise in the cubic system. It does not, 
however, follow, because the section of a crystal exhibits 
single refraction, that it therefore belongs to the cubic system ; 
the direction in which the section is cut must be taken into 
consideration, because crystals belonging to the tetragonal 
and the hexagonal systems are singly refractive when viewed 
in the direction of the principal crystallographic axis, in 
other words when their sections coincide with their basal 
planes. This, however, is the only direction in which single 
refraction occurs in the minerals of these doubly-refracting 
systems ; they are consequently spoken of as optically uni- 
axial. The crystals of the three remaining systems, viz., 
the rhombic, the monoclinic, and the triclinic, are opti- 
cally biaxial, i.e, there are two directions within them 
along which single refraction takes place. With regard to 
single refraction, then, we may sum up the foregoing 
statements in the following manner : that when single 
refraction is exhibited, ie, when the object in the field of 
the microscope remains dark between crossed Nicols, the 
mineral is either : 
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Amorphous . Singly refractive in all directions. 



Uni- (Tetragonal 
axia],|Hexagonal 

Rhombic 

' i Monoclinic 
^'^- Triclinic 



„ „ the direction e 

the principal crystallograplu 

Singly refractive in one or the othc 
of the two optical axes, or singt 

' refractive when an axis of elaa 
ticity' coincides with the shorta 
diagonal of the polariser. 
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' The following notes exlracled from De la Fosse's CoMri dt Min 
Toiogie will lo some entent suflice to jndicste the difleience which exia 
between an optical axis and an axis of elasticity: — "When a ra.y ofligl 
falls normally upon a faee which is perpendicular to a certain directic 
in a doubly- refracting crystal, il liecomes separated into two rays whi( 
ace polarised in opposite directions and which are propagated wil 
different velocities and generally in diFferent directions, but there ai 
certain special directions in which this angular separation of Ihe tw 
oppositely polariBed r^s does not take place, so that the two ra' 
appear to coalesce and to behave as a single tay; and, if the face 
which they emel^ be also at right angles to this line, Ihe two raj 
not separate on their emergence, and consequently an object vi 
in this direction through two parallel &ces of a crystal affords a : 
image, If, however, emergence take place from a lace sitiuti 
obliquely to this direction, separation of the two rays occurs and 
double image is formed. The particular directions which fulfil the 
conditions are the axes of elasticity. In some doubly-refracting ciysti 
there are only three of these axes, in others there is an infinity of [hei 
The axes of elasticity may therefore be defined as lines along wWi 
there is no bifurcation or ongular separation of the two refracted rajr 
under the conditions of incidence just enimciated ; and the distincti' 
character of an axis of elasticity consists in a single im.oge bdng visib 
through two faces perpendicQlor to thii axis, and in a double im^ 
being seen through faces, one of which (namcty, the one turned towan_, 
the object) is perpendicular to this axis of optical elasticity, and lb 
other oblique to it. In axes of elastidty there is always a difference :' 
the rate of propagation of the polarised rays, which is very great con 
pared with that which takes place along other lines among rays diffe 
cntly polarised. In the optical axes, on the contrary, no different 
s in the rate of propagation, which is absolutely the same for i 
which pass along them, whatever may be (heir plane of polaris 
The optic axes are also termed axes of double refraction, sim 
may be regarded as Ihe directions to wVidi Ao^atiW TtftaKtK 






optical Characters of Minerals. 79 

In doubly-refracting minerals it should be observed that 
cbiomatic effects are produced by polarisation only when 
die section is not taken at right angles to the optical axes. 
When iQ a doubly-refracting mineral an axis of elasticity 
^i. a direction along which, under certain conditions, a ray 
rfli^t is polarised in two opposite directions with different 
velocities, but without undergoing bifurcation) corresponds 
in direction with the shorter diagonal of the polariser, no 
change ih)m obscurity is visible when the Nicols are crossed, 
but on revolving the object in a horizontal direction it 
no longer remains dark but transmits light and polarises in 
talouTs. By turning the object in a horizontal plane or in a 
plane at right angles to the axis of vision, it is therefore pos- 
sible to distinguish singly-refracting or isotropic from doubly- 
re&acting or anisotropic minerals. The thickness of the 
section under examination may, however, in some cases, 
specially when the divergence between the ordinary and 
Etraordinaiy ray is shght, become too limited to permit 
my display of double refraction. 

The phenomena presented by thin sections of minerals, in 

plane polarised light between crossed Nicols, are asfollows: — 

[. During a complete revolution of the preparation all the 

sections of the mineral remain obscure . Isotropic. 

a. The isotropic sections show no indication of crystalline 

structure Amorphous. 

i. The isotropic sections exhibit polyhedral boundaries, 
regular lines of cleavage, or other characters indica- 
tive of crystalline structure . . . Cubic. 
2. During a complete revolution of the preparation, £ 
sections of the mineral remain obscure, others undergo four 
eilmctions in directions at right angles . . ANISOTROPIC, 
a. The sections which remain obscure throughout the 
revolution are rectangular or octagonal in form 

fetragonal. 

liecomes abolished— directions in which a bifiircalion of the rays is no 
In^GT induced, ^nd in which single images only are fonned instead of 
^ double images which are produced Id directions alung which a 
"' of the rays takejpkce, ' 
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b. The sections wHich remain obscure throughout tl 

revolution are regular hexagons . . Hexagaiu. 

(In the crystals of the tetragonal and hexagonal sysietn 

the principal aystallographic axis coincides with an axis ■ 

elasticity, and with the optic axis.) 

3- During a complete revolution of the preparation all tl 
sections undergo four extinctions in directions at right angles. 

a. The directions of extinction are parallel to each of t' 

cry stall ographic axes . . , Eiwmb 

(In this system the three axes of elasticity coincide wit 
the three crystallographic axes.) 

b. Only some of the sections undergo i 

to a crystallographic axis (the orthodiagonal) 

Moiwclim 

(In this system only one crystallographic axis (the orthO 
diagonal) coincides with an axis of elasticity. The two oth« 
axes of elasticity may be situated in various directions either i 
the plane of s>Tnmelry or in a plane at right angles to tha 
plane.) 

c. None of the directions of extinction coincide with th 

crystallographic axes .... TricUnu 
(In this system tlicre is no necessary relation of the axes i 
elasticity to the crystallographic axes.) 

A study of the systems of rings and brushes whicl 
constitute the interference figures of crystals examined b 
means of a convergent pencil of polarised light, either in 
Norremberg's pokriscope or in a polarising microscope 
such as that of Descloizeaux, is very important for th 
precise determination of the crystallographic system 1 
which minerals belong ; ' but the limits of this book preclud 
tlie possibility of describing either the apparatus i 
phenomena, and the student is therefore referred to the Text 
Book of Mineralogy published in this series. 

The determination of the crystallographic system I 
which a mineral belongs, and the exact position of th 

' Polariscop^ for this purpose are mamifactiired by Fuess, Berlin 

Lauieiil and iLuti, Paris; Steeg, Hombuig ; lirowuing and Laddie 

i Zondoa, and same other opdcians. ^^ 
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planes of vibration and of the axes of elasticity, are best 
efifected by means of the stauroscope. The simplest form 
of this instrument is that first devised by Von Kobell. An 
improvement upon this form has since been made by 
Brezina; while, for the stauroscopic examination of thin 
sections of minerals imder the microscope, it is only needful 
to have, in addition to the usual polarising apparatus, a 
rather thick plate of calcspar, cut at right angles to the 
principal axis, inserted between the eye-piece and the eye- 
piece analyser, and to have crossed cobwebs, for centering 
the object, fixed within the focus of the eye-piece. The 
microscope used for this purpose should, however, possess 
an accurately graduated and concentrically-rotating stage, 

Fig. 34. 




SO that the angle through which the object is turned can be 
read off with precision. ^ It will, however, in the first place be 
best to give a description of the original stauroscope of Von 
KobelL This consists of an upright a (fig. 34), fixed to a 
board, and carrying a metal tube b, which moves in a vertical 
plane by a joint attached to the top of the upright. The tube 
carries an eye-piece c, consisting of a NicoFs prism n, which 
serves as the analyser, and is capable of rotation about 
the axis of the instrument. A fixed index, d, is attached 
to this tube. Another tube, e, slides within the tube b 

' Should the object fail to fill the field of the microscope, a perfo- 
rated metal plate may be superposed in order to cut off the surrounding 
portion of the field. 

G 
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and carries a semicircle f, which is divided into degreed 
The tube e, wiih its graduated semicircle, revolves e 
within the outer tube b, and the angle through whufl 
it is niade to revolve may be read off by means of the sen^ 
circle f and the index d. Within the tube e slides anotlut 
short tube, O, partially closed at its superior extremity by a 
diaphragm ; o and e being so fitted that they turn togethoi 
Over the hole in the diaphragm of o the plate or slice <j 
the mineral under examination is fixed with wax. A platl) 
of calcspar, cut at right angles to the principal axis of t" 
rhombohedron, is placed in the upper end of the tube 1 
just below the analyser, A parcel of blackened plates ^ 
glass, p, let into the foot-board, constitute the polaris€« 
The light reSected from and polarised by p would, if nothiiffi 
intervened between it and the Nicol n, present a perfect' 
dark field when the plane of vibration of the Nicol was s 
at right angles to the plane in which the light was polarise) 
from p; but the interposition of the calcspar plale give 
rise to an interference figure, composed of a concentric ser' 
of coloured rings intersected by a dark cross. 

In using the instniment it must be so arranged that t 
plane of vibration of the analyser n is at right angles to tkc 
plane of vibration of the light polarised by p, and this must 
be effected by turning the tube E until the zero point of 9 
lies under the index d. The object- carrier o is then takei 
out, and the plate of the mineral to be examined, the facd 
of which should be smooth and parallel, is stuck over tlq 
hole in the diaphragm with wax, but so arranged that c 
of its edges is placed parallel to an engraved line, Tw 
of these lines are engraved on the upper surface of t 
diaphragm plate, one running from o° to 180% and t 
other from 90° to 270". The cylinder o is then replao 
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Should the planes of vibration, and also the axes 
iticity in the mineral plate, be parallel to the planes 
\tion of the analyser and poVanset, ^i* iw 



figure produced by the Kdcspar plate will undergo no dis- 
tortion. When this is not the case tlie tube e, and with ii 
the tube o and the object h, must be turned until the dark 
cross is perfectly restored, the amount of the revolution 
being read off on the semicircle f. The object-carrier i: 
then removed and the object reversed, so that its other 
smooth face is turned towards the eye-piece, care, however, 
being taken that it is readjusted with the same edge on the 
same engraved line of the object- carrier. On being once 
more replaced, the tube e (with its contained carrier and 
object) is again turned until the dark cross of the interference 
figure is re-established, the angle of rotation being again 
noted, the mean of the two readings giving the inclination 
of the observed plane of vibration to the selected ; 
adjusted edge of the mineral plate. Although good results 
are to be obtained with this instrument, it is difficult to 
perceive any marked change in the dark cross when the 
object is only turned through one or two degrees, while the 
removal of the object- p,^ _, 

carrier and the reversal 
of the object is also ob- 
jectionable. To obviate 
theseimperfectionsBre- 
zina constructed a some- 
what different instru- 
ment, employing acom- 
bination of two calcspar 
plates cut nearly at right 
angles to the principal 
axis, which affords a very sensitive interference figure, indi- 
cated in fig. 35. Tlie middle band of this interference figiue 
becomes dislocated, as shown in fig. 35 b, when the axis of 
elasticity in the object deviates very slightly from the prin- 
cipal optical section of the analyser, and, if the method of 
reversal of the plate be adopted, the reading of the angl 
of rotation, corresponding with the two d\s-^\ac«me.-W5> ti '^s«. 
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middle band, the one to the right, and the other to fl 
left, will afford accurate results to within a few minutes. ■ 

The different crystallographic systems may be detS 
mined stauroscopically in the following way. 

(i) If tlie plate under examinatiaq be amoiphous, orj 
it belong to the cubic system, the cross of the interfereoa 
figure remains unchanged in all positions of the plate. 

(a) If the plate belong to the tetragonal or to the he%n 
gonal system, and the adjusted edge of the plate under 
examination be situated parallel or at right angles to ^ 
principal axis of the analyser, the cross remains unchangei 
In the case of crystals of the hexagonal system, there is alsg 
no change of the interference figure during the rotation of 
the object-carrier. 

Should the selected edge of the plate not be adjusted in 
the way just described, the object must be rotated uniU * 
sharply-defined dark cross is again visible. When this i 
the case parallelism is established between the plane d 
vibration of the polariser and the principal axis, or a dinffl 
tion at right angles to the principal axis in the minenl 
under examination, since that is the position of axes oj 
elasticity in uniaxial minerals. ' 

(3) In the rhombic system, when the plate is arraugei 
at zero, the cross remains unchanged in its position vAC) 
any one edge of the plate parallel to a crystallographic as 
is adjusted on the engraved lines of the object-carrier, I 
however, the selected edge have not this position, the plat 
must be turned until the interference figure is restored; d) 
angle of rotation being that which exists between that edg 
and an axis of elasticity. 

In the rhombic system the three axes of elasticity coin" 
cide with the three crystallographic axes. 

(4) In the monoclinic system the orthodiagonal alonC 
corresponds with one of the axes of elasUcWY, and only in 

the cnse where an edge, pa.iaUe\ 01 ai. t\^^ Mv^ft?, to sja 
oj-thodiai"^"-}, is adjusted on the cv^gta.\(ii ©i\&t-\^Bs.^ 

^ :!_ 
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the object-carrier, does the mterference figure remain un- 
changed at zero. If the adjusted edge be in any other 
direction, whether parallel to the vertical axis or to the 
clinodiagonal, the object must be turned imtil the cross is 
restored, the angle of rotation representing the angle between 
the adjusted edge and one of the axes of elasticity. It also 
gives the inclination of the crystallographic axis to the axis 
of optical elasticity. 

(5) In the triclinic system, the axes of elasticity and 
the crystallographic axes bear no relation to one another ; 
consequently, when a crystallographic axis coincides with 
the plane of vibration in the polariser, the interference 
figure appears distorted, and is only again rectified when an 
axis of elasticity is turned into a direction parallel to the 
plane of vibration of the polariser. 

When an axis of elasticity in the plate of the mineral 
under examination lies parallel to the plane of vibration of 
the polariser, another axis of elasticity is at the same time 
parallel to the principal optical section of the analyser, 
since the optical sections of the two Nicols (if two Nicols 
be used) are at right angles. Under these circumstances 
the cross in the interference figure remains unchanged. 

When plates of a mineral can be examined in three 
directions at right angles to one another, it is then easy to 
determine the crystallographic system of the mineral by 
means of the stauroscope. In microscopic sections of rocks, 
sections of crystals of the same mineral may often be met 
with in the three directions needful for a complete stauro- 
scopic examination. 



CHAPTER X. 



The following list comprises the minerals which ususJlj 
occur as components of rocks. Many others might I 
added, but the limits of this work preclude the possibility 
describing a larger number.' 



(i6) Epidote. 
(17) Sphene. 
(i8) Species of the Gami 

(19) Topaz, 
(lo) Zircon. 

(21) Andalusite and Kyanifl 

(22) Apatite. 
{23) Rutile. 

(24) Cassiterite. 

(25) Calcspar. 

(26) Quartz, &c. 
(17) Magnetite. 
(28) Titaniferous iron, 
(19) Hematite. 

(30) Limoiiite. 

(31) Iron and Copper Pyrite 

(32) Zeolites. 

(33) Viridite, Opacite, &c. 

Species of the Felspar Group. 

Felspars are essentially silicates containing 

together with potash, soda, baryta,^ lime, or any two < 

three of these bases, which often to a certain extent repla< 

one another in the different species. With few exception 

' Some short but admirable notes on the deterroinalion of Q 

optical characters of minerals occur in a paper in the Bulletins di la S 

ciH4 Ulgc d( Microscopie, tome iv. 1877-78, entitled ' Note sar 1 

Microscope deslinf aun Rechercbes mineralt^ques ' by A, RenBrd, S., 

' BsryU occurs in ihe species hyiLophane, whicau, however,' 

Miinent! of comparative rarity. 



(1) Species of the Felspar 

(2) Nepheline. 

(3) Leucite. 

(4) Scapolite and Meionite. 

(5) Sodalite, Hauyne, and 

Nosean. 

(6) Olivine. 

(7) Hypersthene. 

(8) Enstatite. 

(9) BroBzite. 

(10) Species of the Pyroxene 

(11) Species of the Amphibole 

(12) Speciesof the Mica Group. 

(13) Chlorite. 

(14) Talc. 

(15) Tourmaline. 
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f"flie felspars are white or of pale colour. Except when in a 
decomposing or decomposed condition, they have a hard- 
; ness of about 6, ue, they can be scratched, but not easily, 
; with the point of a knife. 

Chemically they may be divided into three groups : the 
alkah, the lime, and the mixed alkali-lime or alkali-baryta 
felspars. 

Crystallographically they are represented in two systems : 
the potash and potash-baryta felspars occurring in the mono- 
dinic, and the others in the triclinic or anorthic system. 

Before the blowpipe the potash felspars fuse with diffi- 
culty, while the soda felspars fuse more readily. Both are 
i insoluble in acids, except hydrofluoric acid. The principal 
lime felspars, labradorite and anorthite, are both of them 
; soluble in acids. Labradorite fuses readily before the blow- 
pipe, while anorthite is more difficultly fusible : the former 
fusing at 3, the latter at 5, of Von Kobell's scale. 

The two principal directions of cleavage in the mono- 
clinic felspars are at right angles to one another ; those of 
the triclinic felspars lie at angles other than 90°. 

Both the monoclinic and triclinic felspars have a perfect 
cleavage parallel to the basal plane. The other perfect 
cleavage is, in the monoclinic felspars, parallel to the clino- 
diagonal ; in the triclinic it is parallel to the brachy-diagonal. 
In both systems there are hemiprismatic cleavages which 
are more or less imperfect, and more perfect in one direction 
than in the other. 

When the light falls somewhat obliquely on the basal 
cleavage plane of a triclinic felspar it is usually seen to be 
traversed by numerous parallel striations, the interspaces 
between the striae representing twin lamellae. This t^^'inning 
is frequently so many times repeated i:> the felspars of this 
system that more than fifty lamellae have' been noted, under 
the microscope, in a single crystal.^ 

> * Mikroskopische Untersuchungen iiber Diabase.' Zeitscfi. ct 
^.^ea/. C^se/scA., Bd. xxvL Heft L p. I, by J. F, IE.. t>M\i^. 
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The accompanying diagrams (fig. 36) represent how thesej 
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Striae are due to hemitropy, while fig. 37 shows the appearance 
of the twin lamellae unler polarised light. 

The absence of this 
striation, however, must 
not always be taken as an 
indisputable proof that the 
felspar is not triclinic : 
nevertheless it is most common in, and characteristic of, the 
felspars of this system. 

When the light falls obliquely either on the basal plane, 
the orthopinakoid, or the hemidome of a monoclinic felspar, 
a simple twinning, as evinced by difference of lustre, may 
often be noticed in the crystals ; this twinning takes place 
upon the type known as the * Carlsbad type.' Twinning 
upon other, but far less frequently occurring, types is, how- 
ever, also known, and will be described in the following 
pages. 

In the opinion of Tschermak, the species albite and 
anorthite are isomorphous, the soda in albite being repre- 
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imted by lime in anorthite : intermediate variations occurring 
between the two species in the percentage of silica ; si-x 
molecules of silica occurring in the formula of albite, and 
only two in that of anorthite. 

The following tables, showing the formulae, the percentage 
composition, and the oxygen ratios of the different species, 
will assist the student in learning the relations which they 
bear to one another. 

Chemical FoRMULiE of the principal Felspars. 

Orthoclase YLfi . sSiOa + ALjOj . sSiOj 
KoO 



Albite NajO . sSiO^ + AljOj . sSiOj 

or Na^O 5510' 
AljO 



or rf^ 2Si03 



Anorthite CaO . SiO, + AloO, . SiO, 
CaO 
A1,0, 

According to Tschermak's view 3 molecules of albite + 1 
molecule of anorthite constitute oligoclase : 

aNa^O + sAljOa+iSSiOa = 3 of albite 

CaO + AI3O3 + 2Si02 = I of anorthite 

CaO + 3Na30 + 4A1,03 + 2oSiOa = oligoclase 

I molecule of albite and i molecule of anorthite constitute 
andesine : 

NajO + AI2O3 + 6SiOa = i of albite 

CaO . . . . + AljOj + 2Si03 = i of anorthite 

CaO + NajO + 2AI2O3 + 8SiOj = andesine 

I molecule of albite + 3 molecules of anorthite constitute 
labradorite: 

NajO + AI2O3 + 6Si02 = i of albite 

3Ca0 . . . . + 3AI2O3 + 6Si02 = 3 of anorthite 
3CaO + Na^O +4AJ^03 + i2Si08 = labradorite 
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Pee-centage Composition of the Principal 
Orlhoclase 3105 = 64-20 Alj0, = i8-4O K,0 -16-95 
Albite SiOg = 68-6 AL,0, = i9-6 Na.jO = ii-8 

Anorthile SLO, = 43'i Al.o'^-se-g CaO =20 
Oligodase 510, = 62*1 AlgOj = 23-7 Na,0 = i4-2 
LabradoriteSiOj = 5a-9 Al30, = 3o-3 CaO =12-3 Na,0-4'lS 
Andesine SiO, = 597 Al,Os = 25-6 CaO = 7 Na,0- 

Oxygen Ratios of the Principal Felspars. 

Orthodase. Albite. Oligodase. Andesine. Labradorite.Anorthit© 

\'.y.\2 1:3:12 1:3:10 1:3:8 1:3:6 1:3:4 j 

being respectively the oxygen ratios for RO . R^O, and SiO^ 

RO = CaO Na^O and KjO . and R^Oj = A1,0,. 




In this manner Tfichermak limits the number of species 
by regarding labradorite, oligoclase, and andesine as admix- 
tures in different proportions of the two species albite and 
anorthite. 

The following extract from Dana's 'System of MitieTalogyn 
5th ed., 1871, p. 336, may here be cited, as pointing out th( 
intercrystallisation which probably gives rise to the com 
pound-specific character of some felspars. After giving ) 
list of the oxygen ratios for the difFerenC species, he adds- 
'The species appear in the analyses to shade into om 
another by gradual transitions ; but whether this is tb) 
actual fact, or whether the seeming transitions (when r 
from bad analyses) are due to mixtures of different kindj 
through contemporaneous crystallisation, is not positively 
ascertained. The latter is the most reasonable view. 
has been shown by Breithaupt and others that onhoclaSj 
and albite (or the potash and soda feldspars) occur togethdl 
in infinitesimal interlaminations of the two species, and thd 
the soda-potash variety, perthite, is one of those thus cow 
ed. This structure is apparent under a magnifyifli 
-■. and also when specimens are examwieit-i ir«! 
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polarised light. Moreover, these and other feldspars very 
commonly' oixur side by side or intercrystallised when not 
iitterUminated, as oligoclase and orthoclase in the granite 
of Orange Summit, N. Hampshire, and Danbury, Conn. ; 
in obsidian in Mexico ; in trachytes of other regions. Such 
facts show that the idea of indefinite shadings between the 
species is probably a false one, since the two keep themselves 
distinct, and, in the perthite and similar cases, even to mi- 
croscopic perfectioa They also make manifest tliat con- 
temporaneous crystallisation is a true cause in many cases.' 

The following is a short description of the characters of 
the different species of felspar commonly occurring as con- 
stituents of rocks. They are here divided into two groups 
according to the systems in which they crystallise ; since it 
isat present a matter of considerable difficulty to discriminate 
between the different species of the triclinic system, espe- 
cially when the crystals are so minute as to be incapable of 
isolation for the purposes of chemical analysis, and since 
all the felspars which crystallise in the triclinic system pre- 
sent approximately the same microscopic appearances under 
polarised light The two groups into which they are classed 
for the present purposes of the petrologist, especially when 
regarded microscopically, are the orthoclastic (dpfldc and 
cX.nu ^ rectangular cleavage), or that in which the chief 
cleavages are mutually situated at right angles, and the 
pla gio clastic (irXti 710c and i-Xdu = oblique cleavage), or those 
in which the cleavage planes intersect at angles other than 
90', These two groups, whose members are respectively 
spoken of as orthoclase and plagioclase, may in most cases 
be readily distinguished under polarised light by the dif- 
ferences which they present in their twinning ; crystals of 
orthodase and its varieties usually showing, when twinned, a 
median divisional plane, on either side of which the halves 
of the crystals depolarise the light in complementary colours; 
while in the case of plagioclase the crystals exhibit numerous 
bands of different colours. When set\.\o"a?> oi ^\aig.s3iiasK. 
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are grouod wiy thin, their twin lainells usually present on^ 
|«]eblucOT neutral tints under polarised light ; when tht<' 
Strong colours, oAea variegated, mark the difierent lameUi 
The student is, however, here warned that conditions m 
occur, or that sections of crystals may be so cut, that th< 
phenomena, although they may exist, are not rendered a; 
parent Doubtful cases also occur in which, at times, it ' 
ver)' difficult to assign a felspar crystal with absolute ce 
tainty either to the one system or the other. 

Orthoclase. 

O^-stallioe s>'stem mouoclinic or oblique. The f<A 
lowing figures (38 and 40) represent the common fomu 
Fig, 39 shows a crystal twinned on the Carlsbad type. Fjgs 
42, 43. and 44 represent the twinning of fig. 41 upon th( 
Baveno type ; the lines T t indicating the planes of compo 
sition. The formula: on the different faces are those of Nau' 
mann. In the variety sanidine the orthopinakoid is usuall] 
less developed than in common orthoclase. 

Angle of oblique rhombic prism 118° 48', Cleavagf 
pnrnllel to the base and clinodiagonal very perfect and 
light angles ; parallel to one or other heraiprism imperfect 

In polarised light under the microscope the crystal! 
sometimes exhibit moderately strong colours. Crystaltf 
twinned tm the Carlsbad type are of common occurrence; 
fiiid, when the plane of section coincides with the ortho- 
liinukoid, they polarise in different colours on either side 
n inctlian line which represents the plane of composition, 
Uie difference in colour being due to the difference 6t 
dii'ection of the optical axes in the opposite halves of the 
iTVsla! and the positions of the planes of chief vibration 
in the Niral's prisms of the polariscope, the difference of 
direction of these axes being due to hemitropy or a half 
revolution of one of the halves of the crystal. When the 
sei'lion is cut more or less obliquely to the orthopinakoid^ 
the tJjVisional line approach^ ""-'.rei to oue ^\de, or ti«t'' 



other of the ciystaL When the sectional plane almost 
coincides with the clincpinakoid only a narrow maiginal 



^ 



S i 




band of a different colour represents one of the halves of 
the ci75t4 a°4 »'Aen it coincides compleXe\^ ^vScv ft* 
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clinopinakoid all signs of twinning are suppressed, and tf 
crystal presents a uniform sheet of colour. Variations i 
the uniformity of this colour are then due to a correspondin 
want of uniformity in the thickness of the section. Usuall 
the plane of composition is represented by a straight lint 
but occasionaOy it appears interrupted and, as 
P faulted to one side (fig. 45), altJiough no cone 

sponding break is visible in the boundary lines O 
the crystal. This implies that the apparent shiflinj 
of the plane of composition is not due to movemen 
along a line of fracture ; for, if so, the boundarie 
of the crystal would also have participated in t 
movement ; but it must rather be attributed to ini 
giilar interpenetration of the two halves. 

Weiss, by an examination of orthoclase crystal 
in a Norremberg's polariscope, has shown that in those twinnec 
on the Baveno type the planes of the optical axes (as indi 
cated by the interference figures) stand at right angles I 
one another in the two haUcs of the crj-stals. 

j.^^ ^^ Crystals of sanidine mainly diffe 

J m microscopic appearance from thoj 

of ordinary orthoclase in that 

former are clear and pellucid, whili 

the latter are less so, often having i 

' haz>, turbid, or nebulous aspect. 

Microdifu.—X-a some varieties c 

J iicrocline, polarised light reveals 1 

iLry peculiar structure which is per 

fLCtly evident under low magnifying 

I powers The mineral appears to I 

I broken up into a chequered mass bj 

(Polar) ' septa of varying thickness and colotil 

(tig 46), and these under higher powers present a soniewhal 

pectinate appearance. The septa or striie run at right anglea 

one another It is not certain that similar structure d 

<t occur in orthoclase Ihus Stelznet Wa pavTi\fciTOin.vfcai 
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one of these directions of striation is parallel to the ortho-, 
the other to the clino-pinakoid. If this be the case, they do 
not bear any direct relation to the cleavage of the mineral, 
as might at first sight be imagined, and an examination of 
the broken edges of thin sections does not seem to lend 
much support to such a supposition. This structure, 
although pre-eminently characteristic of massive microcline, 
is not so frequently seen in the small crystals imbedded in 
rocks, ' It is, however, often to 
be observed in little micro- 
scopic patches in some of the 
triclinic felspars, notably 
oligoclase (fig 47), thereby ii 
dicattng that these minerals, as I 
sa^ested by Sterry Hunt* and 
Tschi-rmak^ ate by no mt-i 
homogeneous Actual iir<.i 
lamination of albite and iiutr 
chne can be seen w ih tl 
naked eye m the \anet\ ct ti.1 
spar known as perth te but 1 
most of the othtT felspars 111 1 
which these admixtures of spe 
cie;. occur the microcline does 
not, as a rule, form lanuoEe but mcrtly Iils in disconnected, 
irregular or lenticular patches which however, are often 
disposed more or less ra the general direction of twinning 
which the species, serving as matrix, presents. In minute 
sanidme crjstals occuinng in some Mtreous and trachytic 

' bome of the felspar Lrjsl-iU in ihe horableniic granite ol 
whidi Cleopaltn s needle s made, shiw th structure very diatincUj 

' Chemical nnd Oeohgtca! Esiays, 2nd edilicin. Salem, 1678, p. 443. 
.Steiry Mttnl's conclusions, which are almoEt identical with those ol 
Tsehermafc, were first published in the Amcruan Journal b/ Science, in 
Sept. 1854, or ten years previous to the appearance of Tschermak's 




p»per. 

' Sittungslvri^ile d. Kais. Akad. d. I 
Ablh.i.371 ('8fi4). 
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structures are sometimes exhibiti 
These consist in markings which are usually very faint, ai 
often necessitate the use of tolerably high magnifying p 
in order to nuke them out dearly. In such crj-stals divi' 
internal boundaries may be discerned 
isist sometimes of two curved lines, wi4 
their convex aspects directed inwardSj 
j and often approximating or being 
! acmal contact, the lines seeming 
. spring from tlie lateral edges of the 
crystal, while at others they consist o| 
a straight median line or rib whit 
traverses the crystal for some distant 
and then suddenly bifurcates, the bifiB 
cations passing in straight lines to t" 
opposite lateral edges or comers 
the crystal section. These larger diri' 
sional markings, whether curved 
rectiUnear, are crossed by other maifc 
ings or striae, which are usually v»| 
numerous, often extremely delicat^ 
- and always observe definite direC 
(Poiir.) "' tions ; but, as the angles made by thai 

intersections vary very considerably in different crystals, t 
is unsafe at present to hazard any conjectures as to tlw 
relation which they bear to general recognised crystallim 
structure.' i 

In the blue, chatoyant microcline felspar of the zircol 
syenite of Norway the angles of intersection of the prindpl 
cleavages are, according to Breithaupt, 90° 22' to 90° 23', s(» 
that in this respect it differs slightly from the cleavage A 
orthoclase. 

Descloizeaux has found this mineral to be optically si 




to orthociase and he has appropriated Breithaupt's name to 
the green felspar know as Amazon -stone, which in certain 
varieties, especially those from Colorado and Arkansas, ex- 
hibits optical properties incompatible with monoclinic sym- 
metry, while in other physical respects, and chemically, it 
not distinguishable from orthociase. These facts are > 
special interest as more completely establishing the isomor- 
phism of orthociase and albite, a pure potash felspar of 
triclinic symmetry having been previously unknown. 

Descloizeaux has pointed out' that thin sections 
Amazon-stone, when magnified, are seen to inclose bands and 
patches of albite, yet although such albite inclosures are 
very numerous and comparatively large in some examples, 
the percentage of soda which they yield on analysis is always 
slight 

Perthite, which presents a well-marked interlaminated 
structure to the naked eye, consists of differently coloured 
alternating bands of orthociase or microcline, and albite. 

Albite, 

Crystalline system triclinic or anorthic. The cleavages, 
which are parallel to the base and brachypinakoid, intersect 
at angles of 86" 24' and 93° 36'. The cleavage faces usually 
have a pearly lustre. 

A fine lamellar or twinning striation is often visible on 
the basal plane. The plane of composition is parallel to 
the brachypinakoid. Untwinned crystals are rare. In 
chemical composition it is essentially a soda-felspar. It is 
usually white or greyish, 

Albite, on losing its alkaline constituents, passes into 
kaolin, &c, just as orthociase does. Before the blowpipe 
it fuses with difficulty to a whitish glass, and colours the 
flame yellow. It is not acted upon by acids. 

Sections of crystals, so long as they do not coincide with, 

' AnnaUsdi Chimk st ik Physiqut, $me Sirii, i. is. 433, 1S76, 
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or approximate very closely to, the plane of the brachypid 
koid, exhibit under the microscope coloured parallel banlfi 
when viewed by polarised light Sections of albite seldom 
contain any microHths or other inclosiires. 

Figures 49 and 50 illustrate the albite type of twinning, 
while in fig. 51 the direction of the plane of composition in 
the twinning of pericline is shown. The lines tt indicate 




the planes along which the twinning takes place. Fig. 5 
shows a group of three twinned crystals of triclinic felspa^J 
such as are often seen under the microscope. Fig. 53 shoi 
the abrupt termination of twin lamella; occasionally to ht\ 
observed in plagioclastic felspars. 

Anorthite. 
This is a mineral which is not of very frequent c 




The best crystals are found in the Vesiivian lavas. 
Its crj-stalline system is triclinic or anorthic. 
It cleaves parallel lo the basal plane and to the 
rachypinakoid ; the cleavages intersecting at an angle of 
12', and exhibiting a pearly lustre. Twin striation 
S not as a rule strongly marked on the basal cleavages. 
rhe plane of twinning corresponds with that of albite. 

Before the blowpipe it fuses with difficulty to a clear 
g^ss. It is completely soluble in concentrated hydrochloric 
Bcad. When imbedded in rocks the crystals usually have a 
,sy lustre, but when formed in druses they ate generally 
glassy and linqvid. 



Olicoclase, Andes !n 



I Labradokite. 



All of these species crystallise in the triclinic system, and 
are traversed by two sets of cleavage planes, the one parallel 
to the basal plane, the other parallel to the brachypinaVoid, 
which intersect at angles of 86° 10' and 93° 50'. In colour 
Ihey vary from white to different shades of grey, irfiile 
labradorite is soraetiraes almost black, as that from 
Hamilton Sound, Labrador. Labradorite also shows a 
fine play of variegated colours on planes parallel to the 
brachypinakoid, and occasionally oligoclase hkewise exhibits 
a play of colour. 

The lustre of oligoclase and andesine is vitreou?, ap- 
proaching to greasy on the basal cleavage, while that of 
labradorite is vitreous and somewhat pearly. 

Oligoclase is not acted upon by acids, except hydro- 
Buoric acid. It fuses more readily than orthoclase before 
the blowpipe, and colours the flame yellow. 

Andesine is only imperfectly acted upon by acids, except 
hydrofluoric acid. The edges of thin splinters may be fused 
the blowpipe. 

: in a fresli, ;inaltered condition is only im- 1 
soluble in hydrochhric acid, but wealYieiei ^■KCK^'ffl 




are completely decomposed by it, with separation of gel 
tinous silica. 

The three species of felspar now under considerali<a 
present such closely analogous, or, according to observatiomi 
hitherto made, identical, characters under the microscopy 
that by this means alone it is at present impossibli 
criminate between them, and consequently they are aV 
described under the general term 'plagioclase' by micrQi 
scopists. 

By one or two ready methods of analysis, which ha 
been devised for the purpose of identifying very nunv 
quantities, and of superseding the more tedious processes 
ordinary chemical analysis, the diiferent si>ecies may, how> 
ever, be identified. Amongst these methods may be cited 
that of Szabo, based upon the relative duration of colou) 
imparted to the flame of a Bunsen's gas jet by two assays 
known weight, and which may be defined as a system 
CO lour- com pari son ; and a new method of chemico-micnii 
scopic investigation recently introduced by Prof. BofidqlJ 
of Prag, which consists in treating the substance with hydro* 
fluo-silicic acid and exambing under the microscope 
different crystalline forms of the fluo-silicates produced 
the use of this reagent j ' a system resting upon the detw 
mination of the forms and chemical composidon of artif 
produced crystals. In cases where these artificially formed 
crystals belong to the same crystal! ographic system, but majl 
differ in chemical composidon, reagents other than hydrCK 
fluo-silicic are employed, and the crystals formed by these; 
subsequent reacrions give confirmatory evidence of thi) 
chemical nature of the previously undetermined fluo-silicate^ 
which resulted from the first reaction with hydro-fluo-sih(dfe 
acid. 

Prof Boficky informs the author that he has n 
been conducting e.^tperiments upon this system on minirt 

' ' Elemente einer neuen chemiacli-niikroskopischen Mineral- 

Ji^es/eiasanalyse. Boficky {Archiv d. JVoiuntJ. [.nndts^Hrckfar 

^miiit^4sun. ///. Band. Chtm.-petroUgUcht AblhtUung\, v%ti. 
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sections of minerals occurring in thin microscopic slices of 
finely CTystalline rocks, and that from fragments or imbedded 
cTj'suUs not more than o'a millemeters to 07 miDemeters 
Square, he has procured good results, which ' are often 
leraarkably beautiful, so that even minerals in very fine- 
pained rocks may be separately examined.'' 

The limits of this work preclude the possibility of anything 
more than a brief allusion to this method of investigation. 

The hydro -fluo- silicic acid used for this purpose is 
made in a leaden retort from fluoride of barium, sulphuric 
icid, and pure powdered quartz ; the resulting fluo-silicaie 
iitlien transferred to a platinum dish containing water, and 
ifter moderate dilution is decanted into a gutta-percha 
bottle. Minute quantities of the reagent arc applied to the 
Itinerals under examination by means of a gutta-percha rod 
tenninated by a little spoon-shaped groove. The strength 
of the solution used by Prof. Boficky is about 3^ per cent. 
It is important that neither too weak nor loo strong a solu- 
tion be used, since in the former case many minerals do not 
iJford any satisfactory reactions, and in the latter so many 
ojstals of fiuo-silicates are formed, and from many silicates 
»much silica is separated, that the field of the microscope 
becomes filled with an indistinct, hazy mass, in which no 
definite crystalline forms can be distinguished. In such a case 
further dilution with one or two drops of water is necessary. 

The fragment under examination may be about the 
size of a pin's head or a millet seed. A drop or two of 
Canada balsam should be placed on a glass slip and heated, 
but not to ebullition, and the slip should then be turned 
about so as to run the balsam into a thin even sheet 
Upon this surface, when cooled and hard, is placed the 
fragment of the mineral to be examined, and the slide 
again sufficiently heated to cause adhesion of the frag- 
ment A drop of the hydro- 8 uo- silicic acid solution should 
^n be applied, and the slide set aside in a horizontal position 
Piimte communicatiDo from Prof. Boiici^, 

A Ifc^ 






1 02 Tlie Rudiments of Petrology, 

on a flat plate and in a place free from dust, a sniall capsrf 
containing sulphuric acid being placed beside it, and tin 
whole covered with a sniall glass shade or an invertci 
tumbler ; a dry atmosphere is thus insured, but ii 
of this it often takes 24 hours before the drop is coi* 
pletely evaporated- When evaporation is over, the prepaw 
tion is ready for examination under the microscope. 

Crystals of fluo-sillcate of sodium are cubic; those ol 
magnesium, iron, and manganese are hexagonal or rhombohe 
dral ; those of lithium, strontium, and calcium are monoclinic 

The fluo-silicates of sodium, magnesium, and calciun 
are so different in form that they can at once be distinguisha 
from one another. Again, the iluo-siUcates of lithium di'~ 
sufficiently from those of strontium and calcium to renda 
their recognition easy. The distinction between the crystatf 
of fluo-silicates of calcium and strontium, and between 
those of magnesium, iron, and manganese is, howevet, 
scarcely possible, and other reactions must be had recourse 
to in order to determine their respective chemical natures. 
Tlius, for example, if the fluo-silicates of calcium a 
strontium be treated with somewhat dilute sulphuric aci6» 
the crystals of the former substance will, after a few secondsi 
become surrounded with a thick fringe of monoclinic, acH 
cular crystals of gypsum, while the crystals of fluo-silic 
strontium pass slowly into granular masses, intersperse^ 
with short needles (of celestine ?), a process which usuallj 
takes several hours. 

In polarised light, under the microscope, crystals dl 
plagioclase show, as aheady stated, a series of parallel bandl 
or twin lamellse, which polarise in various colours; and thig 
appearance of plagioclase is very characteristic so long M 
the crystals are not cut parallel to the brachypinakoid. 

Sections of labradorite crystals cut parallel to the macr 
pinakoid sometimes show another system of striations t 
/nterhtnellar growths; these form ou.\.cio-p sm 
brachypinakoid, while the ordinary wm. \am^\!fc aoij % 
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and striate, the basal plane. The latter represent twin- 
ion the albite type, and the others possibly indicate 
icline type of twinning. Sections taken parallel to 
plane would show the former but not the latter; 
parallel to the brachyptnakoid would show the 
not the former; while in sections parallel to the 
ikoid both systems of lamellse would be visible, 
fir true angle of intersection, which, according to 
VOD Lasaulx, is 85° 40', could be correctly measured. ' 
lameilie are usually sufficiently broad, and those per- 
B the pericline type of twinning are generally so 
ly developed, or their planes of demarcation are 
", at such wide intervals, that there is little fear of 
such intersecting twinning-planes in labradorite 
rectangular cross-hatching which occurs in orthoclase. 
If the labradorite crystals were very small, and their sections 
did Dot offer the means of measuring precisely the angle of 
intersection of the two sets of lamellie, some such doubt 
ttd^t be entertained, but it so happens that this twinning 
upon the pericline type is as a rule only developed in plagio- 
dise crystals, which, microscopically speaking, are of con- 
siderable dimensions ; while on the other hand the cross- 
lutching in orthoclase is developed even in very micro- 
Scojiically minute crystals and interstitial patches. 

In sections of oligoclase minute imbedded patches of 
orthoclase may frequently be recognised under the micro- 
scope, the orthoclase exhibiting the characteristic cross- 
hatching in polarised light. These patches are usually very 
inegular in form, but are often distributed in more or less 
nidely parallel lines, corresponding with the direction of the 
twin iamellse in the plagioclastic portion of the mineral." 

A method of determining 'the different species of tri- : 

clinic felspars by the position of their a-xes of elasticity, is J 

I described by Max Schuster in vol. Ixxx. Sitib. d.V, N^a.^., I 

I > ^isnat/e dT- Jiinigrapiie. A. von Lasaulx. 1875,^.^ 1 

V'ncbrna3k.S!/ianffs6erii:Aie d. Kah. Akad. d. Ww. 'M.. \J 
g^gj. l^wn, ,364. Aisog.7. g.^.,,ol.^\.y. V]»g.g 
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Pt. I, July 1879. The different species arecharacterised by tl 
inclination of the direction of extinction to the edge foraw 
by the faces oP and co f 00 , On plates cleaved parallel 
oP, they are seen to range from +4° in albite to —38° 
anorthite, while on 00 iP co the divergence is from + 18° 
albite to — 40° in anorthite. (For tables, see Appendi 
p. 309.) 



Nepheline. 

This mineral, which is of common occurrence in mat 
lavas, and notably represents the felspathic constituents O 
many basalts, is one of the essential components of phonolita 
It is very closely allied to the felspars in its chemical com 
position AljO^ SiOj+RO SiO^. RO representing s 
and potash, the former averaging about i5 or 17 per cent 
and the latter about 5 per cent. 

Nephehne has a conchoidal or uneven fi-acture and I 
hardness of s'g to 6. 

Before the blowpipe it fuses to a colourless glass, 
when powdered and treated with acids it gelatinises, 

Nepheline crystallises in the hexagonal system in rathe 
stout prisms which are terminated by basal planes, and 3 
frequently modified by planes of the hexagonal pyramid 
There are two directions of cleavage, one basal, the otha 
prismatic, but neither of these cleavages is perfect. Th( 
Fics. Kss. "^slals are generally colourless, or with a sligh 

jp J tinge of green, yellow, or brown, and have 
LI VK vitreous or greasy lustre. 

Y/r Sections of nepheline crystals when cut p 

Jr allel to the vertical axis afford rectangular formi 

\A . whose boundaries are constituted by the plan< 

'X "P Jl 00 P and oP, while those cut at right angles I 

^' — ' the vertical axis, i.e. parallel to the basal plan^ 

appear as well-defined hexagons. Sections cut oblique^ 



LL. 
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Plate I. 
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lo the vertical axis give various fonns, often difficult I 
refer to any precise direction. Thus, if a section be taken i 
the plane SS (figs. 54 and 55), the resulting figure will \ 
bounded by eight sides ; but a section taken parallel lo tl 
vertical axis of a modified crystal consisting of the corn 
bination P, 00 P and oP (fig. 56), would also give a simila 
r,r. ^1. eigbt-sided figure. Sometimes square sei 

of nepheline are met with. These probaU 
represent, as suggested by Zirke!, prisms 1 
f equal breadth and length. 

Some idea of the various forms which ms 

result from sections taken in different dire< 

tions through a hexagonal prism may be acquired from a 

examination of the figures in the accomp 

y oF J, nying Plate I., in which basal planes (o P) ai 

' // V \ indicated by thick lines, and prismatic faci 

kk" («jP)by thin lines. These figures, ho we w 

Mil only roughly indicate the forms, without ai 

/-^^K pretension to geometrical accuracy.^ 

^ If thin sections of nepheline be cut p^ 

allel to the principal crystallographic axis and examined i 
polarised light under the microscope, they are seen to poIaris 
in rather feeble colours, and which are never so strong as th 
colours displayed by quartz, since the double refraction i 
nepheline is comparatively weak ; greyish, paleblue,yelIowisi] 
and brownish tints are the most common. Should a rectal 
gular section of nepheline remain dark between crosse 
Nicols, it is only necessary to turn it on its own axis in ord« 
to procure a display of colour. If transverse sections q 
nepheline crystals cut parallel to the basal planes be exi 
mined under similar circumstances they will merely appe 
translucent when tlie principal sections of the Nicols coi 
cide, and, upon revolution either of the polariser or analyse 
' It may be useful for the student [o make outlines of all the pnssit 
r.inna of sections which may be derived ; first, from the simple fori 
occurring in the difierent cryEtalli^aphic systems and, Kfleiwaj-ds, bt. 
olaerveii com iina lions. 
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Oicy will gradually darken until the principal sections of ihe 
Nicols are crossed when, if the sections be truly parallel to 
the basal planes, perfect obscurity sets in. Fluid lacunfe 
and other inclosures are of frequent occurrence in nepheline. 

Among the latter pale greenish or yellowish microliths 
and granules of augite are common. Microliths of horn- 
blende are comparatively rate, although they do occur in 
the nepheiines of some phonolites. 

These microliths are usually seen to lie in more or less 
distinct zones, corresponding H-ith the boundaries of the 
sections in which they occur, but in the case of some of 
the lai^er, transverse, hexagonal sections they have been ob- 
served to assume three directions corresponding with the 
lateral axes of the crystals.' A fine dusty matter of a brown 
or bluish colour is often met with in nepheline, especially 
when it occurs in homblendic rocks. Under a high magni- 
fying power the dust is seen to consist of very diminutive 
microliths, air bubbles, and glass lacunae. This dust is often 
very densely accumulated in zones which run parallel to the 
hexagonal boundaries of transverse sections, while, at times 
it is also segregated in the centre of the crystals. Nepheline 
crystals with dark centres, which often occupy almost the 
entire area of a transverse section, may be seen in the pho- 
nolite of the Wolf Rock, which lies off the coast of Corn- 
wall.' The fluid inclosures in nepheline have in some cases 
been regarded as liquid carbonic acid, and at times they 
contain movable bubbles and also minute crystals ; those 
observed by Sorby in nepheline from Vesuvius were cubic, 
and were considered to be either chloride of sodium or of 
potassium.^ The alteration visible in weathered crystals of 
nepheline consists of a fibrous pale yellowish substance, 
which is first developed in the exterior portions of the crystals, 

> Ziriiel, Mik. Backoff, d. Min. «nd Gest., p. 143. 

» This rock WIS first described ty S. Allport in the Geological 
Slagtaine, Decade I. vol. viii. p. Z47. 

■ Sorby, ' On ihe Microscopical Smiclure of Crystals,' Q. J. G. S., 
wjL jtlr p. 4S0. 
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and gradually extends inwards. The ultimate result of sue 
alteration is a zeolitic substance which is possibly natrolite 

ElaoliU is a greenish, brownish, sometimes reddii 
variety of nephdine. It has an oily lustre and fuses n 
readily before the blowpipe than nepheline. It seldom o 
never occurs crystallised as a rock constituent but in 
massive or simply crj'stalline condition. As observed b; 
Rosenbusch, it bears the same relation to nepheline tha 
orthoclase does to sanidine. Under the microscope it i 
seen to contain numerous greenish inciosures, some pulvo 
rulent and referred to diaspore by Scheerer, while Rosen 
busch, Zirkel. and others, have observed plates and mtcrolitii 
of hornblende in Scandinavian and American elaiolites. Ti 
their presence the colour and peculiar lustre of the miners 
have been attributed, but Rosenbusch regards the latti 
character as due to special molecular structure. Elieolit 
is a constituent of the rocks zircon- syenite, foyaite, 
cite, and ditroite. 

Cancriniie is probably an altered condition of nepheline 
Plates of hornblende, similar to those in elaeolite, hav 
been observed in this mineral. It sometimes contains 
colourless alteration-product which, under the microscop* 
exhibits aggregate polarisation. It is a component of tt 
rock named ditroite in which it occurs associated with si 
lite, elteolite, orthoclase, &c 

Leucite (Amphigehe). 
Leucite, until within the last few years, has been be* 
lieved to crystallise in the cubic system, its form closely n 
sembling that of analcime. In 187a, however, G. vom Rati 
announced '^ that it crystalUsed not in the cubic but in tl 
tetragonal system. His conclusions were based upon tl 
occurrence of stris which denote planes of twinning ai 
which, when they extend to the edge of a face, pass aero 

I. 71. 

1, ?. 1^. 
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(he edge and are continued on the adjacent face without any 
dtviatJon from the direction of striation on the former face. 
% the leucite crystal, therefore, be regarded as a regular 
^koa- tetrahedron, as formetly supposed, this plane of stria- 
would cut off ihe symmetric solid angles of the crystal, 
liie plane of twinning must consequently be regarded as 
pMillel to a face of the rhombic dodecaliedron. Twinning 
parallel to this face is, however, incompatible with cubic 
Uisation, and leucite crystals cannot, therefore, belong 
the cubic system. Following out this deduction by care- 
' taeasurements, Vom Rath arrived at the ^.^ _, 

looduaon that the form assumed by leucite 
a combination of a di-tetragonal pyramid 
tfi with a tetragonal pyramid P, as indicated , 
the accompanying figure 58. By this n 
! supposed anomalous optical characters of 
ihemberal are accounted for, and the lamellje 
seen under polarised light in microscopic sections may now 
Ik safely regarded as twin lamellie. They lie in planes 
psrallel to the face aPco -and appear sometimes as broad, 
Sometimes as excessively nar- p,^ 

fOw, bands of bluish grey or 
ileutral tints, differing in in- 
tCDsity (fig, 59), and no strong 
chromatic effects are ever 
produced by their polarisa- 
tion. In such polysynihetic 
oj'stals the twinning plane; 
lie in four directions. .\' - 
ibough this twin stnictu:v 1 
almost invariably present n in. 
irell defined in moderately 
laige crystals, the minute or 

pOBcly microsco;>/c oystaJs of leucite frequenfty et\\\\i\\, wa 
flsoe of it, as in the little leucite crystals ot the s^xQ-Mi 
Thadtopbyr which occurs near Rome. "Wetevl. i^ot it 
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the inclusions, and the sjininemcal (iisposition which tl 
indnswDS usually a^ume, such diminutive crystals orieu 
might easily be overlooked, or mistaken for some other nd 
ral ; and, if this fact be bome in mind, it is quite possible f 
leudte may )-et be detected in rocks in which its existei 
has never been susperted. According to the present slate 
our knowledge, it is a mineral of verj- restricted occuirenl 
being mainly confined to a few comparatively limited are 
such as the neighbourhood of Vesuvius, Rome, the Ei 
Saxony, Bohemia, the island of Bawian. north of Java, a 
in Wyoming, U.S. Sections of very minute cr)'sEals of leu< 
frequendy show iO-defined boundaries, so that their appe 
ance is more that of a rounded granule than of a propB 
developed crystal. Leticite generally affords well-defin 
eight-sided sections which are mostly clear, transparent, a 
alwa)-s colourless. They nearly always contain inclosurea 
either colourless or brownish glass, dark, opaque grant 
of magnetite) microliths of felspar and augite, and somelil 
granules of the latter mineral These incloSH 
are generally disposed in a symmetrical man 
in zones which lie parallel to the bounda 
of the crj-stal, but the zones often fail to coinf 
precisely with the boundary, and they then 
peai as circles (fig. 60). At other times they are differen 
p,,. 6,, arranged as shown in fig. 6i. Frequently mi^ 

#lith5, granules, and glass pores are all present 
one zone, but they are often arranged in a sya 
matic manner, the microliths and glass- in cIo3U( 
alternating with one another. Sometimes tin 
inclosares are cong'Cgated in the centre of the crystal eiti 
Fin. 61. in symmetrical groupings (fig. 6z), orelsehudffl 
together without any definite arrangement; , 
If \ other times they are scattered promiscuoaj 
"*.."/ throughout the crystal. Occasionally, but rara 
^^ minute rods of glass occur m Vuck* cfj^ 
ren'mes they are short and tt\k^^, "''*V to^i'n4fc4 e^fta., 
■ ^1 
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tiiey are often incnisted with grariiilai matter (figs. 63 a and 
ji ^3 0- Occasionally extremely delicate rods are visible which 

taverse the leucite for long distances in perfectly straight 
I "P es, then end abruptly in nodes of granular matter {fig. 63 b), 

P % © '■—^/ 

Md often appear to be continued in another direction in a 
**ries of fine, straight rods, thus forming a zig-zag arrange- 
""^t, nodes of granular material marking the points where 
"ley divaricate. ' 

Sc-vpoLiTE (Paranthine, Wernerite). 

This mineral occasionally occurs in granite and in some 
•^letamorphosed limestones. Its chemical composition is 
Represented by the formula 2AUO3, ^SiO, + 3(R0, SiO^), in 
^hich RO mostly signifies KiO, but generally NajO is also 
Present, and at times traces of CaO are met with. Scapolite 
Crystallises in the tetragonal system, the common forms 
being the tetragonal and di-tetragonal prisms terminated by 
pyramids. It also occurs massive and granular. Before the 
blowpipe it intumesces and fuses to a white glass. It is 
only imperfectly soluble in hydrochloric acid. Its colour is 
white, bluish, greenish, and occasionally reddish. It Is 
sometimes transparent, but more frequently opaque. It 
cleaves parallel to the faces of the prisms. The cleavage is 
more perfect parallel to a* P cc than in the planes parallel to 
«: P. The hardness is about 5 -5. 

Scapolite has strong double refraction. Transverse sec- 
tions of scapolite crystals exhibit well-marked fissures parallel 
to the cleavage co P os. Scapolite rock is a granular mas- 
sive aggregate of the mineral together with orthoclase. 
Under the microscope scapolite is usually seen to contain 



greenish alteration -products which sometimes have a fibrou 
structure at right angles to the cleavage planes. 

The species meionite and marialite are closely related t< 
scapolite, 

So DA LITE, HaUYNE, AND NoSEAN 

are all silicates of alumina and soda, and each in addition 
contains another compound which serves to characterise thi 
several species; thus, 

Sodalite contains aNaCl \ 

Hauyne „ aCaSO^ t + 3f Na^O, SiO, + AI^O^ SiOj). 

Nosean „ Na^SOJ 

All these three minerals crystallise in the cubic systei 
the usual form being the rhombic dodecahedron. Sine 
they all crystallise in the cubic system they are all sin^ 
refractive. They all cleave parallel to faces of the rhombi 
dodecahedrorL 

Before the blowpipe sodalite fuses with intumescence I 
a colourless glass ; when fused with microcosmic salt a 
oxide of copper it gives the blue colouration to the fian 
characteristic of the presence of chlorine. Hauyne a 
nosean when fused with carbonate of soda yield the usui 
reaction for sulphuric acid. 

All three of these minerals are decomposed by add 
with separation of gelatinous silica. In the case of hauyn 
sulphuretted hydrogen is evolved when the mineral is treate 
with sulphuric acid, but nosean under similar circumstanc* 
evolves none. 

Under the microscope, sections of nosean are four-sided^ 
or six-sided, but the outlines are often irregular. The ciy^tals, 
when fresh and unaltered, appear clear and colourless in thfi 
interior of the sections, but axe bordered by a somewha] 
broad and dark external band which coincides with t 
boundaries of the section ; occasionally crystals exhibit t 

icentric series of these bands. The junction of this d 

fer with the clear internal portVoti oi ^.\le crj^Sai ia -ra-ttu 
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dtarpl^ defined (fig. 64). Sometimes a dear narrow outer 
le surrounds the dark border, and a dark spot is often to 
seen in the very centre of the crystal. 
Rie clearer portions show, under a tolerably 
Stnmg magnifying power, variable quantities of 
~ne dark dust, and dark but very fine striEe 
thich cross one another at angles of 60°, 
,90°, and 120°. Under still higher powers the 
Striie are seen to consist of rows of minute glass 
.indosures and opaque grantjles. The dark borders and 
»nes of the nosean crystals are also seen to be composed 
of these inclosures very closely aggregated, while, at times, 
rtiole crystals appear nearly opar|ue owing to the great 
.quantity of these inclosures and the multiplicity of the 
flric formed by them. It may here be suggested that 
fte clear spaces in nosean crystals are due to the segre- 
gstion of these dusty indosures towards boundaries which 
lepresent successive zones of accretion, and that this 
i^egation implies the consequent abstraction of the dust 
Itom those portions which ultimately appear dear ; a pro- 
Wding analogous to that which seems to have taken 
rfece in some tachylytes as obsen-ed both by the late 
flmnan Vogelsang ' and by the author.^ Acicular micro- 
liths, opaque granules and glass, and fluid iacunse are the 
principal inclosures met with in nosean. When the mineral 
onde^oes alteration it becomes yellowish and more or less 
obscure, a fibrous and at times radiate structure supervenes, 
Mid the whole crystal passes into zeolitic matter which 
polarises in variegated colours. Nosean occurs in some 
jionolites, basalts, leucitophyrs, nephelinites, &c. 

The sections afforded by crystals of hauyne are, like 

' Dit KrystnllUtn, p. I II. Bonn, 1875. 

• 'On the Microscopic ftructure of Tachylyte from Slicvenalai^, 
Cft Down,' F. Rutley, wilb an analysis by Dr. 3. HasijjAou, Proc. 
i^AiiA. Geo/. Sse.. iSyj. 
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those of nosean, six-sided or four-sided. The microscopic ' 
structure of the two species shows in many cases no appre- 
ciable difference, but it is not so constant m character in 
hauyne as it is in nosean. Sometimes crystals of hauyne 
contain scarcely any inclosuies.' Hauyne usually has a 
stronger blue colour than nosean, especially in the darker 
zones, but a blue colouration may be imparted to nosean by 
heating the mineral as shown by Dresse! : ' the phenomenon 
being due to the change which the contained sulphide of 
sodium undergoes, and in the rocks of the I^aacher See in the 
Eifel, which contain nosean, hauyne is found as a substitute 
in those ejected blocks and lapilli which bear traces o£ ■ 
fusion. These facts, as pointed out by Dr. A. von Lasaul)^ 
of Breslau, indicate the probability that hauyne and noseai 
are mere varieties of the same mineral species. 

The red colour of some hauyne is due to the presencea 
scales of peroxide of iron which are regarded by Zirkel as a 
secondary origin.* Crystals of hauyne, like those of noseao^ 
contain minute glass inclosures and dusty matter, whicH 
constitute fine, microscopic striie which follow the directioni 
of the crystallographic axes. Both blue, bluish-grey, and 
colourless matter occur in some crystals of hauyne, the diSe:^ 
rent colours occasionally marking definite zones, but mot^ 
usually forming irregular flecks and patches of colour whidllt 
bear no relation to crystallographic form; the boundary 
between the darker blue and the lighter colourless QiatU> 
is, however, ill defined, and never shows a sharp line c 
demarcation. 

The crystals of hauyne which occur in the basalts of th 
Laacher See, usually have a broad dark border which shads 
off towards the interior of the crystal into a bluish-grey ar 

' Eleminle dir Pdrograhhii, A. von Lflsaulx, p. 73. Bonn, 1871 

* Neufs yahrlmck fiir Mituralagie, p. 565, 1870. 

• Mikrosiopisirht Bach, der Min. u. Galeine, F. Zirkel, p. rt 
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more or less translucent matter (fig. 65), but in some very 
'Stais 00 clear area is visible in the centre, 
excessively thin sections, the whole crys- 
nearly or quite opaque. The strise in flM 
mgular sections cross one another at HV 
Crystals of hauyne from other 
possess a clear border with sharply-defined internal 
:emal boundaries, the inner portion of ^^^ ^,^ 
crystal being crossed by strife which sorae- 
fimes intersect at right angles (fig. 68), and at^ 
others follow three directions, each set of strire 
forming a series of parallel lines which run 
tither at right angles to the opposite faces of the crystal 
(% 67), or pass in directions which would corre- ^^^ ^ 
^nd with lines drawn between opposite a 
the six-sided section (fig. 66). In both a 
Striie do not intersect, but are divided either by ' 
dark or clear lines which radiate from the centre 
of the crystal ; in the former case joining opposite angles, 
vat in the latter passing from the centre to the j.^^. ^^ 
middle of the faces. The strife are found under 
Ugh amplification to consist of opaque granules, J^X^. 
gas pores, and minute glass inclosures. ^^^^ 

Sodalite occurs in rocks either in an uncrystal- 
lised condition, or in crystals which yield six-sided or else qua- 
drangular sections; the latterarevery frequently distorted, so 
that the alternate or opposite sides of the section are unequal 
They usually present a yellowish, grey, or blue colour. The 
illombic-dodecahedral cleavage is represented, under the 
microscope, by undulating cracks. The crystals sometimes 
appear to be remarkably pure, at others they are crowded 
with various inclosures ; the most common being steam 
pores. A singly-refractive substance containing fi 
I also occurs in some sodalite and this singly-ri 
I whidi frequently has a dark border, founs ' 
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rhombic dodccahedra which contain them; they do no 
however, contain any bubbles. Fluid lacunas which chaj: 
on the application of heat are found sparingly in the sodaU 
of Somma (Vesuvius), while complete included crystals ofb 
contain inclosures of nepheline, augite, meionite, and biotit 

Olivine 

is a common constituent of many eruptive rocks, in whi< 
it occurs sometimes in the form of crystals whose an^^ 
frequently appear more or less rounded, and sometimes i 
rounded granules which in some cases form rounded a 
gates, occasionally showing traces of crystal faces. The face 
most commonly presented by crystals of olivins are thos( 
of the rhombic prism co P (giving an angle of little ova 
f 3°°)i the rhombic pyramid P, the macropinakoid «i P a 
the brachypinakoid co ? 0=, the macro- and brachydomi 
P 00 and f DO and the basa! plane o P. Olivine has two d 
rections of cleavage, one parallel to the macro- the other t 
the brachypinakoid, the former being very imperfect and th| 
latter rather distinct. Olivine varies in hardness from 6-j 
to 7. Its fracture is conchoidal and its colour is not onl 
olive or bottle-green, but at times brownish and yeilowisF^^ 
Where, therefore, oUvine occurs in rounded imbedded gra 
ntiles, and displays neither its characteristic form of cryst^ 
nor its common green colour, its hardness and its conchoj 
dal fracture cause it greatly to resemble quartz, which al^ 
occurs in rounded granules in certain rocks of eruptiui 
origin, but a mistake of this kind is only likely to occur t 
the hasty examination of hand-specimens in the field. Th] 
other minerals, however, with which the granules are asso 
ciated usually give some clue to their probable namrj 
Powdered olivine is easily decomposed by hot hydrochlorj 
acid or by sulphuric acid ; separation of gelatinous siliqj 
occurring in either case. Before the blowpipe alone, otilj 
the highly ferruginous varieties are fusible, forming a 



dSmte. 



iiY 



■lie globule ; but with borax the ordinary olivine may 
to a clear green bead. The foregoing reactions 
serve to distinguish olivine from quartz, but the 
lie characters of the two minerals are sufficiently 
to prevent any chance of mistake. The general 
of olivine is (MgO, FeO)a SiOj. It sometimes 
some lime, alumina, and protoxide of manganese, 
titanic, phosphoric, and chromic acids, and the pro- 
of nickel and cobalt. Potash, soda, and small quan- 
water have also been detected in olivine. Olivine 
itiy occurs in meteorites, often forming a large pro- 
in of them. In some of these meteoric olivines traces 
Ofarsenious acid, fluorine and oxide of tin have been dis- 
(Overed. The alterations which olivine undergoes are 
either due to peroxidation of the iron, or to its removal by 
Mier charged with carbonic acid, in which case some of 
Ihe magnesia may also be removed. Changes of the former 
dass cause the mineral to assume a reddish or brownish 
colour, and sometimes render it iridescent. This process 
*hen further advanced sets up a micaceous structure in the 
mineral,' and Dana mentions an instance in which a basalt, 
owing to this change in the olivine, was represented to be a 
laica slate. Changes of the latter class, viz. by water charged 
>ilh carbonic acid, give rise to the formation of serpentine, 
Hearite, &c. 

Under the microscope olivine appears almost colourless 

when in very thin sections, and of a light greenish tint in 

lliose of moderate thinness. Its dichroism is very feeble 

in thick, and scarcely perceptible in thin sections. It is 

doubly refractive, polarising when in a fresh, undecom- 

poaed state, in moderately strong colours, but these are 

I Diuchmore feeble than those displayed by quartz. The axes 

I of elasticity coincide with the cry stallo graphic axes, and 

I tCTTEsponding extinctions may be observed \i^' TOXa.'Oiri'j, 

l/Si? action between crossed Nicols. The am(act=> o^ ^e,c- ] 



' Dana, Sysiaa cf Miueralosy, 5th edition, p. -i.^. 
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■'tions of olivine are neajly always rough, s 
grinding is never capable of imparting a smooth polished fe 
the section, and these roughened surfaces, which, wheat 
aniined under the microscope, present an appearance 51 
what like that of ground glass, are clearly perceptible f 
sections momited in Canada balsam and covered in tb 
usual way. 

Lines of accretion, such as those which form zones «» 
responding with the boundaries of sections of augites and 
felspars, have not yet been observed in sections of oJivincj 
even when they occur in rocks in conjunction with zona 
crystals of those minerals. Olivine does not generally ocdl 
in the form of very minute crystals or microlilhs, tb 
crystals and granules being usually sufficiently large to \ 
distinguished without the assistance of a lens. 

Crystals of olivine generally afford six- oreight-sided sec 
tions, the angles of which are often rounded, a fact regarda 
by some observers as indicative of a secondary fusioi 
Quadrangular sections are not uncommon, and unsymmed 
cal forms frequently result from obliquely-cut crystal 
Olivine is often traversed by strong and irregular fissuM 
which bear no relation to the form of the crystals, and soM 
what resemble the fissures visible in suddenly cooled glu 
The alteration of olivme into serpentine commences aid 
these fissures and also along the boundaries of the crysW 
It appears under the microscope as a finely fibrous gra 
fringe, the fibres lying at right angles to the surfaces fro 
which they originate. As the alteration proceeds, this fibro 
structure extends further inwards until the whole crystal i 
converted into a mass of interlacing and contorted, od 
radially disposed, fibres, and no longer displays any of tho 
optical characters which formerly belonged to it. Gas 
pores, fluid lacunte, consisting generally of liquid carbonic 
3C1&, g-Jass lacuna and crystals, gja.T\viUs and mlcioUths of 
magnetite are the most common v 
olivine. The gas pores are otlcn i 
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microliths frequently assume peculiar forms, being sometimes 
»g-zag, sometimes claviform or acicular. Inclosures of 
angite, felspar, leucite, &c., are never met with in olivine. 

Hypersthene. 

Crystalline system rhombic. Usually occurs, in rocks, in 
a crystalline condition or in granules, but seldom in actual 
oj^tals. The mineral shows a strongly marked cleavage 
parallel to the brachypinakoid, very imperfect cleavage 
psrallel to the macropinakoid, and a tolerably perfect pris- 
matic cleavage. The colour is black, greyish, brownish- 
green, or pinchbeck-brown, and presents in certain directions 
a glistening appearance or bronze -like lustre. The chemical 
composition is (MgO, FeO) SiOg. 

Before the blowpipe it fuses to a black enamel, and, on 
diarcoal, to a magnetic mass. 

When tested with a single Nicol, thin sections of hyper- 
sthene appear strongly pleochroic. The colour is mostly grey- 
ish-green in the direction of the principal axis ; in the direc- 
tion of the macrodiagonal it is reddish-yellow, and in that of 
the brachydiagonal it is hyacinth-red. Hypersthene is not, 
however, so strongly pleochroic as hornblende, but it pos- 
sesses this character in so marked a degree that it at once 
serves to distinguish it from diallage, bronzite, and enstatite. 
The hypersthene of Labrador shows numerous imbedded 
hmellae which were regarded by Vogelsang as possibly 
diallage, but A. von Lasaulx thinks this improbable, since 
similar imbedded lamellae have been observed in diallage 
fiom several localities. These plates have been referred by 
(Mferent authors sometimes to gothite, to specular iron, to 
hrookite, &c. Their true nature is, however, as yet unde- 
termined. Minute granules of magnetite are of frequent 
Qccmrence In hypersthene, often following one aTvo\)[v^T vev 
hSake directions parallel to the principal axis. ^otViVj 
mtions the occurrence of minute plates of ca\c\\.e vk^o^^- 
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ded \a ihe direction of principal cleavage in the hypersthen 
o£ a rock from Tellnitithal,' 

Enstatite. 

Crystalline system rhombic Cleavage parallel to the 
faces of the rhombic prism =0 P. The cleavage planes make 
by their intersection angles, according to Descloizeaux, o 
88° and 92° ; according to Kengott 87° and 93°. Enstatit( 
also affords two other directions of less perfect cleavage, 01 
parallel to the macro-, the other parallel to the brachy- 
pinakoid. The clea\'age surfaces sometimes have a fibroui 
appearance, and usually a rather pearly or vitreous lustrei 
while in some varieties it is metalloidal. lo colour th< 
mineral ranges from greyish- or yellowish-white to green ant 
brown. It occurs massive and lamellar as well as crystal 
Used. It is almost infusible before the blowpipe, the edge 
of only very thin splinters becoming rounded. It is insola 
ble in hydrochloric acid. Enstatite becomes altered 1 
schiller-spar or bastite, talc, &:c 

The formula of enstatite is (MgO, FeO) SiOj. 

Enstatite is strongly dichroic, the greatest colour diffeV 
ences being clear brownish-red and pale sea-green. 

Enstarite occurs in Iherzolite and certain gabbros, and 
according to Professor Maskelyne, some of the diamond 
bearing rocks of South Africa contain more or less of Ihif 
mineral. 

Bronzite. 

This mineral crystalhses in the rhombic system, 
very difficultly fusible, the edges only of very thin spiinten) 
becoming rounded before the blowpipe. It is insoluble it 
acids. In its microscopic structure it is more closely allieo 
to hypersthene than to enstatite. It resembles the latter ij 
its strongly fibrous structure, and the former in the character 
of its numerous inclosures which occur in the form of 
lamellse, or, as in the Kupferbe:^ bronzite, of 'elongated 

' J'f/rBgrapiischi Slitditn nn dett Baiall geitnnm Eohmms, ■ 
L£ Boficky, p, 16, Pragi 1S74, 



stripes of an acicular character set perfectly parallel to the 
fibrous structure and varying in colour from dark honey 
yellow to deep brown.' ' 

Some bronzite is very feebly dichroic, or scarcely di- 
chroic at alL In this respect bronzite differs both fi-om ensta- 
tite and hypersthene. The directions of cleavage in bronzite 
are, parallel to the brachypinakoid, highly perfect ; parallel 
to the right rhombic prism, imperfect ; parallel to the 
macropinakoid, most imperfect. The formula of bronzite is 
(MgO, FeO) SiOa- Some arulyses show the presence of lime 
and alumina. 

Pyroxene Group. 

All the minerals of this group crystallise in the mono- 
clinic system and are bi-silicates of different protoxides, 
having the general formula RO, SiO^, the protoxides often 
being converted into sesquioxides. The protoxides are 
lime, magnesia, sometimes potash and soda, and the protox- 
ides of iron and manganese. The different members of 
this group vary more or less in composition, a fact due to 
the respectively isomorphous character of their protoxides 
and sesquioxides. The most important difference in the 
chemical composition of the pyroxenes and the amphiboles, 
both of which groups have the same general formula, lies in 
the fact that in the former lime is in all the varieties of the 
group an important constituent, while in some of the varie- 
ties of the latter group it is either totally absent or occurs 
only in very small quantity. 

Chemically, the pyroxenes may be divided into those 
which are poor in, and those containing from three to over 
nine per cent of, alumina. The diallages in this respect 
range between the two divisions. Some of the so-called 
diallages (metalJoidal diallage), belong rather to enstatite 
than to pyroxene, since the crystallisation is rhombic. Des- 
clgiseaux regards the diallage occurring in the Cornish 
serpentines as probably a form of enstatite.' 

' Mii. BacAaff-. J. Min. u. dil., Z\rV.e\, ?. i%1 - 
^^^fiMi qf^ineralss^, J. D, Dana, jOi ed\UKio, v'«.1\,'B. -is*!- j 
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Augite crytals frequently occur U-inned, the plane ( 
twinning being parallel to the orthopinakoid. 

The angle formed by the oblique rhombic prism i 
augite is 87° 5'. The corresponding angle in hornblend 
crystals is 124° 30'. This great discrepancy in their anguU 
measurements serves to distinguish the minerals of t 
one species from those of the other, and even under t 
microscope, when the planes of sections often lie obliquet 
to the principal crysLallographic axis, a rudely approximat 
measurement frequently enables the observer to discriminat 
between hornblende aad augite. Another means of dii 
tingiiishing between these two minerals is afforded by th 
strong dichroism which usually characterises hornblende, ani 
the very feeble dichroism presented by sections of augit 
under the microscope ; the latter giving only a succes 
sion of sUghtly different tints, while in hornblende an actua 
difference in colour is to be observed. 

It sometimes happens, however, that very thin section 
of hornblende exhibit only feeble dichroism, and that thid 
sections of augite may show this character in a rathd 
marked manner. In augite the axis of least elasttdty (t 
makes an angle of 38° — 39° with the veitica! cry stall ographii 
axis, while in hornblende it makes a corresponding angl 
of i°— 18°. 

Such dichroism as augite sections may exhibit is always 
according to Mr. Allport's observations,' connected with ; 
])urple tinge, and he has noted this fact in augites c 
in rocks of very different ages and derived from widelji 
separated localities. He also states that dicliroism is mors 
strongly elicited from those augite crystals which by ord 
nary illumination exhibit a variation in colour, i.e. when 
one end or side of a crystal appears purplish-brown s 

'De%doiBes.ix\'s Manufl dc Mneralogif, t. i., 1862, ihcre is, h 
nienlion uf thi; ; the Comisli seq)entmcs being there, and at 
died as conlaininE diallage, 

' 'On the Microscopic Structure End Composilioti of British Cm* 
iKtuferous Dokrites,' S. Allport, Q. J. G. S,, iiA. mis.. ■?. lilJi. 
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Les off into yellowish-brown towards the opposite end or 

By ordinary transmitted illumination thin sections of 
^te appear of a greenish or yellowish-brown colour. 
dding has noted the occurrence of greenish and brown - 
I layers, sharply defined, in the augites of the Vesuvian 
vas, and concludes that the latter colour is not due to oxi- 
adon of ferrous compounds constituting the greenish por- 
bos of the crystals. 

Similar bands, frequently well marked and of variegated 
colour, are often to be seen by polarised light in sections of 
ffl^te and represent twin lamellae which lie parallel to the 
ortkopinakoid. Even by ordinary transmitted light tliey 
may sometimes be recognised as exceedingly delicate striae. 

Sections of hornblende and augite, when cut at right 
angles to the principal axis, may usually be distinguished by 
the augite giving eight-sided sections, as a rule ; while those 
of homblende are generally six-sided. 

In some sections of augite crystals striae are visible 
under the microscope, which correspond with the boundaries 
of the section, or, in other words, with the external form of 
the crystal. These lines lie one within the other, constituting 
zones of variable width, and are often rendered still more 
<ipparent by granules of magnetite, microliths, and small 
cavities, which follow or coincide with these lines in a re- 
markably regular manner. In polarised light the concentric 
bands exhibit different tints and appear more strongly 
marked. They no doubt represent lines of accretion. 

Th.e inclosures in augite crystals consist, so far as they 
bave yet been observed, of acicular microliths of augite 
itself Triclinic felspars and leucite also occur in minute 
aystals imbedded in augite, and the sides of augite crystals 
ire often penetrated by crystals of apatite. Magnetic and 
itaniferous iron are of frequent occunence in aw^te, some- 
mes almost entirely replacing it Fuithetmoi^, ^.xvgX'^ 
» contains inclosures of amorphous g]lass, ^o\£i<t\\\s^"e5» 



wf^lm" 



124 

spherical, sometimes irregular in form, and occasionally cavi- 
ties containing fluid have been observed. In some excep- 
tional cases the augites of certain basalts are merely repre- 
sented by a thin line or border of augitic substance, the 
interior of the crystal being filled with the admixture of 
minerals which constitutes the ground-mass of the rockv 
The nature of the minerals, &c., inclosed in augite crystals 
depends of course very materially upon the mineral comp 
sition of the rocks in which the augites occur. 

This mineral does not merely occur in roclts in the fon 
of well-defined crystals, but also as ackular microUths whic 
are generally greenish or yellowish -brown, unless they x 
exceedingly minute, in which case they are almqst colourlea 

These microliths vary considerably in form, some beil 
straight, some curved, while occasionally they are forked ; 
the ends, or assume club-like forms. Sometimes they I 
independently scattered through the matrix of the rock, j 
others they are clustered together, especially around t( 
margins of crystals. 

Dialiage, which is a common constituent of some rock 
is usually regarded as a variety of augite. It exhibits 
highly perfect cleavage parallel to the orthodiagonal, thl 
differing from augite, in which the corresponding cleavage 
imperfect Both of these minerals also possess a perfect, i 
tolerably perfect, cleavage parallel to the faces of the obliqt 
rhombic prism (PL II. p, 173). 

Diallage resembles augite in displaying very wea 
dichroism, so weak that it gives rise to no marked di 
ference of colour, and may thus be distinguished from hori 
blende and hypersthene. Thin plafes of diallage when e 
amined microscopically are often seen to include numerol 
Uttle tabular crystals and acicular microliths. The tabuli 
crystals mostly run in definite planes parallel to the ortht 
and to the clinopinakoids of the diallage and also to a " 
plane which lies obliquely to that of the orthopinakt 
Sections taken parallel either to l\\e onho- ot cfeo^vwikQi 
's exhibit the broad sides oS vVoae \wie wsfeeC " 
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cr^'stals which are conformable to the face under examina- 
tion, together with the line-like transverse sections of similar 
crystals which lie with their broad sides parallel to the other 
face.'* The acicular microliths in some diallages also follow 
definite directions and appear to cross one another obliquely, 
forming a somewhat lozenge-shaped net work. Fluid lacunae 
have likewise been observed in the diallage of a Silesian 
gabbro. Diallage sections usually exhibit a pale greenish or 
brownish-yellow tint by ordinary transmitted light. 

Asbestus is in some cases a fibrous form of augite, but 
most asbestus is homblendic in its affinities. 

Breislackite is a capillary or woolly form of pyroxene^ 
occurring in the lavas of Vesuvius and Capo Di Bove. 
Although definitely known to be a pyroxene, the precise 
species to which it belongs has not yet been determined. 

Diallagic Augite, — A form of pyroxene intermediate in 
character between augite and diallage has been noticed by 
Professor E. Boficky, of the university of Prag, in his 
* Petrographische Studien an den Melaphyr Gesteinen 
Bohmens,' p. 19. He describes it as an augite whose sec- 
tions may be distinguished from ordinary augite by the 
occurrence of straight and parallel fissures or striae which, in 
longitudinal sections of the crystals, cross the coarser cleav- 
age planes at angles of from 70° to 90°. Professor Boficky 
considers these lines to represent the edges of sections of 
delicate lamellae which he regards as twin-like intergrowths, 
most probably lying parallel to the basal planes of the crys- 
tals. He states that in the melaphyres of Neudorf near 
Lomnitz the diallagic augite sections are broad, irregulalry 
bounded, and contain numerous bubbles and stone lacunse 
or 'stone cavities' {Schlacke7ikdmchen) which are often ranged 
in lines, either parallel to the. fissures or actually along them. 
Such fissures or striae often occur in one part only of an 
individual crystal. The mineral is not dichroic, and polarises 
in strong colours, the crystal sections sometimes presentincr 

' Mth'{?si0p. Beschaff. der Min. und Gest., ZVxVd, ^» \%\, 
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iris-coloured margins. He has noted their occurrence iiil 
the melaphyres of Hofensko, Lomiiitz, Neudorf near Lomniti, ' 
and Zdiretz in Bohemia. 

Altered Conditions of Pyroxene. 

It is imponant that the microscopist should have some 
knowledge of the alterations which pyroxene undergoes, in 
order rightly to understand the nature of the pseudomorphs 
after the different members of this group which so frequently ' 
occur in eruptive rocks. 

I'he simplest kind of alteration which pyroxenic minerals 
experience is hydration. It is frequently accompanied by 
a loss of silica. The lime and iron contained in thes^J 
minerals also undergoesconsiderablediminution, or is totall^l 
removed by water charged with carbonic acid or holdinjn 
carbonates in solution. ^| 

The following are some of the results of the alteration <^| 

pyroxene. ^| 

Table showing the Approximate Chemical Compo^| 

THE Alteration of Pyroxene. ^| 
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The list is headed by a typical analysis of unaltere^ 
Bgite from Schima in Bohemia. The decimals in th« 
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original analyses have been omitted, and the fractions rather 
iifferently distributed, in order to simplify the columns for 
reference. 

In addition to these analyses may be cited one of a 
liighly siliceous pseudomorph after pyroxene, by Rammels- 
berg, consisting of 85 per cent, silica, i^ alumina, 2 protox- 
ide of iron, 2 magnesia, 2\ lime, and 6 water. 

Serpentine, steatite, and limonite are probably the most 
common of these alteration-products in British eruptive 
rocks. Epidote seldom gives direct evidence of its deriva- 
tion from p3n:oxenic minerals, since it generally occurs in 
characteristic crystals or radiating tufts along minute lines of 
fracture, and not in pseudomorphs bounded by the outlines 
of pyroxenic forms. Nevertheless, it does not follow that it 
has not, in these cases, resulted from the decomposition of 
pyroxene. Pseudomorphs after pyroxene of quartz, opal, and 
calcite are also of occasional occurrence, but these are more 
probably due to subsequent infiltrations, than to a partial 
removal of the basic constituents, or, in the case of opal, to 
the hydration of a residuum of silica. The usual mode of 
deposition of hydrous silica, opal hyalite, &c., in vesicles and 
cavities, and on the surfaces of joint planes in eruptive rocks^ 
tends to support this view.* 

Amphibole Group. 

The minerals of this group closely resemble pyroxene in 
chemical composition, while they also crystallise in the same 
system (monoclinic). They differ, however, as already 
pointed out, in the angular measurements of the oblique 
rhombic prism, which in hornblende is 124® 30' and in 
augite from 87° 5' up to 92** 55'. They are all bi-silicates 

' According to Mitscherlichj Berthier, and G. Rose, tremolite and 
actinolite (both varieties of amphibole) )deld, when fused in a porcelain 
funiace, forms similar to those of pyroxene. Crystals of augite are of 
common occurrence in blast furnace slags, sometimes even associated 
with hornblende crystals, but the latter are less frequently met with ; 
and it is stated that Mitscherlich and Berthier, although able to produce 
artificial crystals of augite, failed to procure any of hornblende. 
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of protoxides and sesquioxides, the former being lime, mi 
nesia, soda, potash, and the protoxides of iron and n 
nese, white the latter are represented by alumina and ri 
peroxides of iron and manganese. Crystals of amphibol 
differ from those of pyroxene, not merely in the angula 
measurements of their oblique rhombic prisms, but also 
the angles at which their cleavage planes intersect, 
groups the relation of the cleavages to the respective fao 
of the crystals is the same, but they differ in their respects 
facihties ; the cleavage parallel to the faces of the obliqj 
rhombic prism in hornblende being more perfect and ma 
strongly marked than the corresponding cleavage in augil 
while the cleavages parallel to the pinalcoids are on the otS 
hand less strongly marked in hornblende than in augi^ 
Furthermore, the discrepancy in the angles of the two respi 
tive oblique rhombic prisms begets a corresponding disc 
pancy in the angles at which the prismatic cleavages of th 
two different species intersect. This circumstance is of txta 
siderable value to the mineralogist, since it is often diffici 
or impossible to measure the angles of the actual crystalfe 
graphic faces, but it is generally possible to measure t 
angles of cleavage, and since these cleavages respective 
coincide with ihe plane oo P, the results deduced fro 
cleavage are as good as those derived from the actual fao 
of the crystals. 

The crystals of minerals belonging to the amphibole groi 
usually exhibit a fine longitudinal striation. 

The very feeble dichroism of augite and the strong d 
chroism of hornblende has already been mentioned, an< 
although exceptiooal cases may occur, it must nevertheles 
be regarded as a most valuable test, especially in the micro 
scopic examination of rocks which contain minerals perta 
ing to one or other of these groups. 

The amphiboles, like the pyroxenes, may be divided a. 
two sub-groups, viz., those which contain little or 
alumina, and those which are rich in that base {sometimei'" 
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containing over 15 per cent) The similarity in the chemi- 
cal composition of amphibole and pyroxene begets a simi- 
larity in the minerals which result from their alteration, so 
that the alteration-products tabulated at the end of the 
pyroxene section may be taken as fairly representative of 
the changes which amphibole undergoes. 

In the microscopic examination of thin sections of horn- 
blende, the forms are often so irregular, that it is difficult to 
arrive at any sound deductions from their contours. 

Colour also affords no safe means of discriminating 
between pyroxene and amphibole, since the members of both 
groups exhibit greenish and brownish tints. The augites and 
hornblendes which occur in basalt are mostly brownish in 
colour. The hornblende in syenite is also generally bro\vTi, 
but that which occurs in phonolite is mostly of a greenish 
tint while the augite in leucite-lavas is, as a rule, also green. 

The most important microscopic characteristics of 
common hornblende may be summed up in the following 
manner. Transverse sections of crystals show two sharply 
defined sets of cleavage planes, each set corresponding with 
the opposite and alternate faces of the oblique rhombic 
prism and intersecting at an angle of 124*^ 30' (when the 
section is at right angles to the principal crystallographic 
axis). In sections taken parallel to the chief axis of the 
crystal a fine longitudinal striation, indicative of a fibrous 
structure, is often to be observed. 

Furthermore, the dichroism of hornblende is very strong, 
although the clear green varieties, as pointed out by Zirkel, 
show only very feeble dichroism and might be mistaken for 
augite.^ 

Some of the small crystals, such as those often occurring 
in phonolites, appear to be made up of fine parallel rods 
or elongated microliths, the margins being frequently very 
irregular. 

Microliths of hornblende are of common occurrence in 

* Zirkel, Mik, Beschaff, d, Min, u, Gestdne^ p. 169. 
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eruptive and metamoqihosecl rocks ; when very minute they 
are often colourless. They seldom present any recognisable 
crystalline form, but frequently exhibit longitudinal fibrous 
structure, often appearing to be frayed out at the ends. 

Zone-like bands of accretion, similar to those which are 
sometimes visible in sections of augite, also occur in home- 
blende sections. Magnetite, apatite, nepheline, biotit^ 
quartz, &c, occur, enclosed in hornblende crystals ; glafl 
lacunK are also frequently met with in the hornblendes ^ 
trachytes, phonolites, pitchstones, &c. 

The hornblendes of syenites, diorites, &c., contain a 
rule fewer microscopic inclosores than those of volcatti; 
rocks, such as trachytes, ph<jnolites, basalts, &c. 

Crystals of hornblende firequently exhibit a dark graniil 
border of magnetite, and at times the latter mineral has bef 
observed greatly to dominate over the hornblende, the hon 
blendic matter merely appearing as little interstitial spe(^ 
between the magnetite granules. In such crystals, one n 
almost say pseudoraorphs, the outlines of the sections s 
clearly denote the form of hornblende ; and it seems, as si 
gested by Zirkel, that in these cases even a very small p 
portion of hornblende, in spite of an almost overwhelmia 
percentage of magnetite, is capable of asserting its crystal* 
line form, just as in the well known Fontainebleau s; 
a trivial proportion of calcite develops rhombohedral crystal 
which contain as much as 65 per cenL of sand.' 
latter case the sand, as stated by Delesse, was formed prioC 
to the crystallisation of the calcitc ; in other words the silic% 
and the carbonate of lime did not crystallise at the s 
time. It is therefore probable that the granular magni 
was also developed prior to the crystallisation of the hom 
blende, and was simply taken up by it 

The minerals of the atijphibole group frequently show: 
tendency to develope long blade-hke crystals. One of tl 



lal varieties, acrioolite, shows this tendency in a very 
» manner, the crystals arranging themselves in radiate *' 
is, Aciinolite is a magnesia -lime -iron amphibole ; it is 
ly of a dark greei^ colour. Under the microscope the 
lis mostly appear pale green by ordinary transmitted 
and aie often traversed by numerous transverse 
ires, ftequently accompanied by displacement of the 
d on either side of these cracks. Some of the long 
Sng crystals in a seqientinous reck from Cannaver 
a, Galway, Ireland, display magnificent variegations of 
I under polarised light 

temolite is a magnesia-lime amphibole {CaO, MgO) 
In colour it is general I^^hite or greyish. Nephrite 
le is in part a tough compact fine-grained tremolite, 
g a. tinge of green or blue, and breaking with a splintery 
ffe and gHstening lustre. It usually occurs associated 
tslcose or magnesian rocks.' ' 

Sbestus or artiianthus is a fibrous variety of pyroxene 
ling in white silky fibres, which are matted together, 
tre easily separable. Byssolite is more compact in 
gation, the fibres are coarser as a rule and are not easily 
Bled, the structure more resembling that of wood, while 
plonr is usually dark green or greenish grey. It may 
e amphibole. 
, acticolite, tremolite, jade, as- 
' ^tus, and byssolite belong to the non-aiuminous, or almost , 
non-aluminous, subgroup of amphibole. 

Ordinary hornblende, its variety pargasite, and smarag- 
dite, which is a foliated grass-green form of hornblende, 
somewhat resembling diallage in appearance, are varieties of 
the aluminous sub-group of amphibole. 

Hornblende is frequently twinned along a plane parallel 
to the orthopinakoid. This gives rise to a difference in the 
lenninarions of the crystals, one end exhibrtm^ icl^it licjci 
iomesj, and the other two faces (basa\ ^Xatic^^. 
■t XJana, S^s/^e, of Afineralogy, 5th edition, ?. l^V 
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Both hombleDde and aiigite sometimes occur together in 
the same rock ; but as a rule the former mineral is found ii 
those rocks which contain a large percentage of silica, thej 
associated minerals being usually quartz and orthoclas^ 
while augite is generally found in rocks of a basic cbaractec 
containing triclinic felspars, and with little or no free silicia^l 
Augite and its variety, diallage, sometimes occur together iq 
the same rock, and in such cases the petrologist often has 
difficulty in the precise determination of the pyroxeii{d| 
constituents; the diailagoid augite' of Boficky sufiicieiidf 
evinces, merely from the name which has been given to i 
the intermediate character which such pyroxenic minei 
may sometimes possess. 

Mica Group. 

The minerals of this group, most commonly occurrin) 
as constituents of rocks, crystallise either in the hexagom^ 
or in the rhombic system. They have a highly perfect' 
cleavage parallel to the basal plane, and the thin lamion 
procured by cleavage are not merely flexible but also e]asti<^ 
springing back, when bent, into their original position. Th* 
hexagonal species are uniaxial, the rhombic biaxial Th^ 
micas mostly have a pearly or sub-metallic lustre, TheiH 
hardness is very variable, some of them ranging as low as t^ 
while others have a hardness of 3 o 

In chemical composition the micas vary considerabljr^ 
and cannot well be represented by a general formula. Thqp 
are silicates of alumina, with silicates of potash, i 
or lithia, and protoxides of iron and manganese. Sonui 
species are hydrous, but this condition implies alteration h 
most instances. It is now considered probable by somi 
mineralogists that isomorphous mixtures of the difierefi 
species may occur amongst the micas, just as they c 
among the felspars. 

■raphiicke Siudien an d 
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Rhombic Mica Seci'ION- 
'vscevite, — A potash mica, optically biaxial, crystallising 
e rhombic system, and usually occurring in rhombic or 
icd tabular crystals ; the lateral faces are sometimes 
% of pyramids, sometimes of the rhombic prism, afford- 
^, the latter case an angle of about 120°, the opposite 
% angles often being truncated by faces of the brachy- 
tjOid. In many rocks the crystals are but poorly deve- 
'; or only represented by irreguiarly-shaped scales, 
\ occasionally, but rarely, exhibit a slight curvature, 
age basal and very perfect. Hardness = z [03. Colour, 
)f silvery white ; seldom, but occasionally, dark brown 

e percentage chemical composition of muscovite may 
rded typically as ; — I 

ft-46-3. Al,0, = 36-8 . KjO = 9-2 . Fe^Oj-rj . HF = 07. 






ire the blow-pipe it whitens and fuses on thin edges 

;y or yellow glass. Muscovite is not decomposed by 

ric or hydrochloric acids. 

r&der the microscope sections of muscovite appear 

mt, and exhibit clear colours. Plates, viewed at right 

to the basal plane, show tolerably strong chromatic 

(lolarisation, in this respect differing from the uniaxial micas 
which, under similar conditions, become dark between 
crossed Nicols. When tested for dichroism it shows but 
little change of actual colour ; as a rule merely displaying a 
change from light to dark shades of the same colour. Two 
systems of strije are often visible under the microscope on 
the surfaces of thin plates, the one set running parallel to 
05 P and 00 ? 05 , the other less perfect following co Pj and 
f eo . These directions of striation bear a definite relation 
to the optics) axes- Fluid inclosures occur m sotcv^ iiAcaa, 
but they contain no bubbles, and, as suggested. "O-^ Tit. 6 
LasauLx, are doubtless merely iafi\tiaU.OTi.s '«\i52ft.\i» 



occurred along cleavage planes. Tourmaline, apatite, ganieli 
quajlz, magnetite, and undetermined microliths have bwL 
observed as inclosures in muscovite; but, as a rule, the 
mineral contains few foreign matters, Newton's rings we 
often visible between the laminte. Small crystals and, al 
times, interlaminations of biotite occur in muscovite. 

Fuchsite is a variety of nauscovite containing abont i 
per cent of chromic acid. 

LepidoUte (lithia mica) corresponds crj'stallographicall 
and physically with muscovite, for which it is frequently 
substitute in granites. It usually occurs in fine scaly K 
granular a^regates, rather than definite crystals. Ire 
colour is generally violet, rose-red, or violet-grey, and occa- 
sionally white. 

In chemical composition lepidoiite may be regarded as 
muscovite, in which the potash is partially replaced Iq 
lithia. An analysis of lepidoiite from Rozena in Moral* 
gavesilica = 5o-32,a!uniina = 2854, peroxide of iron=o7J 
magnesia = 'SI, Urae=i-oi, lithia=070, fluoride 
lithium = 070, fluoride of potassium = ia*o6, Raoride » 
sodium=f77, rubidia = 0-24, oesia = traces, water 
Lepidolites from Uto in Sweden have yielded over 5-5 p<* 
cent of lithia- Before the blowpipe lepidoiite colours th 
llamc purple-red. After fusion before the blowpipe, it 1 
completely decomposed by acids ; but otherwise it is 
imperfectly soluble. 

Damouritt and Sericite are hydrous potash micas usuall] 
occurring in scaly aggregates, but their crystallograpl 
system has not yet been determined, Sericite occurs 
undulating scales which have a fibrous structure. 
wxvy scales often run through the schistose roct^ in whit 
they occur in tolerably parallel directions ; at other timi 
Ihcy anastomose or form a mesh-work. The fibrous st 
lure disiingiushes it from mica. Each fibre has : 
dividual /H>l4insation, a chaiaclei "«\ik\v \s -^w^ ccm^x 
may be distinguished from ch\ome b-j \lie atoseacfe a 
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centage of magnesia is about 34 and that of water over 12. 
It is essentially a product of the decomposition of other 
nunerals. When heated in a glass tube it gives off water. 
Before the blowpipe it is fusible with difficulty on thin 
edges. It is decomposed by HCl and completely soluble 
in hot H2 SO4. Chlorite is optically uniaxial, consequently 
a thin crystal of chlorite, when lying with its basal plane at 
right angles to the axis of vision, exibits no dichroism, but 
sections of chlorite crystals taken either obliquely, or at 
right angles to the basal plane, show feeble dichroism, giving 
a change from pale to deep tints of green when examined 
^th a single Nicol, although, as a rule, no actual difference 
of colour is discernible. Chlorite often contains fluid lacunae. 
It frequently forms fibrous and radiate aggregates. Mag- 
netite and radiating nests of actinolite are commonly 
associated with chlorite. Clinochlore, which is monoclinic 
■ in crystallisation and optically biaxial, also frequently occurs 
^ admixture with chlorite. 

Talc. 

Ciystalline system rhombic ? or, according to some au- 
thors, hexagonal. Has a highly perfect basal cleavage. 
Cleaved plates are flexible, but not elastic : by this character 
U may be distinguished from mica. Hardness = i. Crystals 
are rare. Colour silvery-white to various shades of green. 
Lustre pearly. Unctuous to the touch. Formula (Mg O) q 
(Si O2) 7. Before the blowpipe it turns white and exfoliates. 
It is, neither before nor after ignition, soluble in either hydro- 
diloric or sulphuric acids, thus differing from chlorite. It 
ilso differs from chlorite in showing no dichroism. Under 
the microscope it appears as imperfectly developed scales, 
nrith a fibrous structure: these often have fi*ayed margins. 
Steatite may be regarded as a massive variety of this mineral. 

Tourmaline. 
Crystalline system hexagonal (rhombohedral). The crys- 
tals commonly occur in long prismatic foims. T\y^ ^<^N^o'Si 
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alumina. The percentage composition of the 
varies considerably. The basal cleavage is highly perfa 
and the laminre are flexible and elastic, as in other mem' 
of the mica group. The mineral is only slightly acted U 
by hydrochloric acid, but is decomposed by sulphuric a 
leaving a residue of glistening scales of silica. 

Under the microscope, crystals which lie parallel to tl 
basal plane appear dark between crossed Nicols, but s 
tions taken in other directions through the crystals sho 
very strong dichroism. As observed by A. von 1 
hornblende, tourmaline and epidote are the only otlu 
minerals which exhibit equally strong dichroism. Secdot 
transverse to the basal plane show a fine striation, whic 
represents the cleavage, and the crystals often appear fraye 
out at the ends. 

Lepidomelajie occurs in small six-sided tabular crysta 
or in aggregations of minute scales. Colour, black. Lustri 
adamantine or somewhat vitreous. Easily decomposed 1 
hydrochloric acid, leaving a 6ne scaly residue of silia 
In chemical composition it is an iron-potash mica, i 
analysis of lepidomelane from Carlow Co., Ireland, 1 
Haughton, gives 
SiOj = 3S-ss. AljOj= 17-08. Fe50a = 237o. FeO = 3-S^ MnO. 

i'9S. MgO-307. CaO=o'6r. Na,0=o-3S. K,0-g'4! 

H,0 = 4-3o. 
This mica occurs in some of the Irish, and, according Q 
Allport, in some of the Cornish granites. It is also foun 
in certain Swedish rocks. Lepidomelane is usually regards 
as hexagonal, and consequently as optically uniaxial, but s< 
crystals have been observed which appear to be biaxial, 
very slight separation of the axes being discernible. 
Chlorite. 
Crystalline system hexagonal It occurs sometimes ii 
granular form ('Peach'), sometimes in small green crysta! 
and scales. Its formula is 2 (a RO. Si O,) + Al,Oj, 3H,( 
m which RO signifies MgO and ¥eO. T\\t w<na^ \ 
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centage of magnesia is about 34 and that of water over 12. 
It is essentially a product of the decomposition of other 
minerals. When heated in a glass tube it gives off water. 
Before the blowpipe it is fusible with difficulty on thin 
edges. It is decomposed by HCl and completely soluble 
in hot H2 SO4. Chlorite is optically uniaxial, consequently 
a thin crystal of chlorite, when lying with its basal plane at 
right angles to the axis of vision, exibits no dichroism, but 
sections of chlorite crystals taken either obliquely, or at 
right angles to the basal plane, show feeble dichroism, giving 
a change from pale to deep tints of green when examined 
with a single Nicol, although, as a rule, no actual difference 
of colour is discernible. Chlorite often contains fluid lacunae. 
It frequentiy forms fibrous and radiate aggregates. Mag- 
netite and radiating nests of actinolite are commonly 
associated with chlorite. Clinochlore, which is monoclinic 
in crystallisation and optically biaxial, also frequently occurs 
in admixture with chlorite. 

Talc. 

Crystalline system rhombic ? or, according to some au- 
thors, hexagonal. Has a highly perfect basal cleavage. 
Cleaved plates are flexible, but not elastic : by this character 
it may be distinguished from mica. Hardness = i. Crystals 
are rare. Colour silvery- white to various shades of green. 
Lustre pearly. Unctuous to the touch. Formula (Mg O) 5 
(Si O2) 7. Before the blowpipe it turns white and exfoliates. 
It is, neither before nor after ignition, soluble in either hydro- 
chloric or sulphuric acids, thus differing from chlorite. It 
also differs from chlorite in showing no dichroism. Under 
the microscope it appears as imperfectly developed scales, 
with a fibrous structure: these often have frayed margins. 
Steatite may be regarded as a massive variety of this mineral 

Tourmaline. 

Crystalline system hexagonal (rhombohedral). The crys- 
tah commonly occur in long ptismalic ioxxas». TW^^^^^^'^- 
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raent is often hemihedral, thus giving rise to triangular prism 
'I'he terminations of tourmaline crystals are frequently com 
posed of a great number of faces, and the one terminatioi 
differs from the other. The crystals, when heated an( 
freely suspended, exhibit polar electricity, a phent 
which usually accompanies hemimorphism. Cleavag 
rhombohedral but very imperfect Crystals general! 
striated longitudinally. They often form radiate group 
The chemical composition of tourmaline ia very variabb 
The general formula is sR^Oj . S1U2+ 3RO . SiOj. All ti 
varieties contain silicate of alumina with about 4 to 1 
per cent of boracic acid, some contain protoxide, sow 
peroxide, and some both protoxide and peroxide of iroi 
Magnesia, soda, lime, phosphoric acid, lithia, and fluoiiQ 
also occur in some varieties. The fusibility of some varietir 
is effected with more or less difficulty before the blowpipi 
Others fuse with comparative ease; in some cases the fiisid 
is accompanied by intumescence. Heated with powdere 
fluor-spar and bi-sulphate of potash, aU the varieties imja 
to the oxidising flame the green colouration indicative < 
boracic add. Tourmaline is strongly doubly -refractive a 
strongly dichroic In thin section, by ordinary transmitte 
illumination, crystals, or portions of crystals, frequently e 
hibil a deep blue colour ; this is especially the case when tb 
tourmaline is associated with quartz. Transverse sections 1 
prisms ofl^n aiford triangular forms. Although in its strou 
dichroism it resembles hornblende, the latter mineral ma 
be distinguished from it by its well-marked cleavage-plar 
Biotite is not likely to be mistaken for tourmaline owing to 
the lamellar structure of the former mineral: a stnicturs 
almost always visible in those sections of biotite which a 
not cut parallel to the basal plane and which exhibi 
dichroism. Tourmaline contains, as a rule, few inclosures 
the most common being fluid lacuna. The black variet 
of tourmaline is termed schorl, and is of frequent occurrenq 
ia certain rocks, especially in gta-raies, -Rliich. ^nstal 



become Bchorlaceoiis near their contact with other rocks. 
In such cases it is not uncommon to find the schorl segre- 
^ted into nests, or small spheroidal masses. 

Epidote. 

Crystalline system monoclinic Cleavage parallel to the 
orthopinakoid perfect, parallel to the basal plane, very 
perfect. The cleavage planes intersect at an angle of 
115° 24'. Colour usually green or yellowish-green, sometimes 
brown. Epidote occurs at times in a granular or massive 
condition; the crystals commonly form radiate or fan-shaped 
groups, and either form nests, or line fissures and cavities. 
The mineral is essentially an alteration -product, consisting 
of silicate of alumina, lime, and peroxide of iron, with 
variable amounts of oxide of manganese and water. Before 
the blowpipe it usually gives an iron or manganese reaction 
with fluxes. There are several varieties, one containing 
about 14 per cent, of manganese oxides. 

Under the microscope epidote exhibits strong pleo- 
chroism. When tested with a single Nicol it docs not, how- 
ever, show this property so strongly as hornblende. 

Inclosures are rare in epidote; nevertheless fluid lacuuEe 
have been observed in it The way in which epidote occurs 
in rocks forming little fan-shaped aggregates of radiating 
needles or fibres along fissures, &c, its bright yellowish- . 
green colour, and its strong pleochroism — all of these charac- 
ters taken in conjimction serve, as a rule, to distinguish it 
from other minerals. Epidote often forms little fringes 
around hornblende crystals. Chlorite is one of the minerals 
which most resembles it in its mode of occurrence. In 
doubtful cases, the respective strength of dichroisra, the 
absence of dichroism in plates of chlorite viewed perpen- 
dicularly to the basal plane, the hexagonal form of such 
chlorite plates, and the difference in the colour of the two 
minerals, are points which should be looked for and taken 
into consideration. 
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Hp Sfhene (TitaniU) H 

~ ctystallises in the monoclinic system ; common form, the T 
oblique -rhombic prism. The crystals aie usually thin and V 
have shaip wedge-like edges. Colours, brownish-grey, yellon, 
green, and black. Transparent to opaque. 

Approximate chetnical composition. Silica=30— j5, 
titanic acid=33— 43, lime=2i — 33 percent The fonnuli 
may be written :— CaO, zSiOj+CaO, zTiOj. 

Under the microscope, sections of sphene generallj" 
• appear, by transmitted light, brownish yellow, yellow, somt- 
' times red, reddish brown, and colourless ; they show distinct 
I though not strong, pleochroism, except when the sectiota 
are very clear and colourless or of extreme thinnest 
Infiltration products, consisting either of hydrous or anhy- 
drous oxide of iron, are sometimes seen between the planea 
of cleavage in sphene. Intergrowths of sphene and horn- 
blende have been observed by Groth, in ihe syenite of thq 
Plauenschen Grund, near Dresden. Frequently the crystal* 
of sphene appear cloudy or imperfectly translucent. Thi 
sections usually present very characteristic wedge-shape< 
fonns. As a rule sections of sphene appear to be remarkaW] 
free from inclosures of other minerals. 

Garnet Group. 
All the members of this group crystallise in die caM 
system, the common forms being either the rhombic do<U 
cahedron or the icositetrahedron. The cleavage is paralli 
to the faces of the dodecahedron. The garnets vary il 
hardness from 65 to 7-5. They have a subconchoidal d 
uneven fracture, and they all afford an approximately whi^ 
streak. Before the blowpipe most of them fuse easily, biK 
in accordance with the different chemical composition of til) 
various species, they give different blowpipe- reactions iriti 
the fluxes, in which the iron reactions doRiinate, 

In chemical composition the g.a.me^.s ase. «ss«:q.'qi 
unjsilicates of different sescimoxides aai ^toiatiies. 



Garnet Group, 

isquioxides are those of aluminium, iron, and chromium ; 

ometimes also of manganese, while the protoxides are those 
of iron, calcium, magnesium, or manganese. 

The principal sub-species have the following composi- 
tion: — 

1. Lime-alumina garnet, 6CaO, sSiOg + 2AI2O3, sSiOg. 

2. Magnesia-alumina garnet, 6MgO, 3Si02 + 2AI2O5, sSiOg. 

3. Iron-alumina garnet, 6FeO, sSiOj + 2AI2O3, sSiOj. 

4. Manganescralumina garnet, 6MnO, sSiOg + 2AIJO3, sSiOg. 

5. Iron-lime garnet, 6CaO, 3Si02 + 2Fe203, sSiOg. 

6. Lime-chrome garnet, 6CaO, 3Si02 + 2Cr20a, sSiOj. 

The percentage of silica in the various sub-species is 
tolerably uniform, ranging from 35 to 40 per cent 

For descriptions of the general characters of the diflerent 
sub-species of the garnet group, the student may rctcr to 
any manual of mineralogy, since only the microscopic cha- 
racters of the group will be described here. 

In thin sections of rocks, garnets frequently appear under 
the microscope merely as rounded granules, somewhat 
resembling spots of gum, generally colourless or of clear 
reddish tints, but sometimes, as in the case of picotite, of a 
deep brownish or reddish-brown colour, and forming irre- 
gular gummy-looking streaks. When definitely formed 
crystals occur, they afford, as a rule, four-sided, six-sided, 
and eight-sided sections. They are mostly traversed by 
irregular cracks. The crystals occasionally appear to have 
formed around a nucleus of some other mineral, such as 
quartz, epidote, &c. The minerals usually inclosed in 
garnets are magnetite, hornblende, tourmaline, ciuartz, occa- 
sionally apatite and augite, and colourless microliths, forming 
narrow prisms, whose nature has not yet been determined. 
Garnets also contain at times cavities in the form of the 
liiombic dodecahedron (negative crystals). Although g^arnets 
occur in some eruptive rocks, yet they are mo'=X \^^ivV\l\i^ v 
diose which have undergone strong xaelaxcioi\^\^\cv^ ^ 



they are especially common in granulite, gneiss, talcase, an^ 
chloriiic slates, and other schistose metamorphic rocks. 
They also occur in serpentines, and granular and crystalline 
limestones. The Belgian hone-stones (cottailes) consist in 
great part, according to ProE R^nard, of the manganese 
garnet spessartine.' Since they crystallise in the cul 
system they exhibit single refraction. Some garnets hav(^ 
however, been observed to possess double refraction, birt 
these anomalous examples have not yet been fully tnveslji 
gated. 

Idocrase, or Vesuvian, is in its chemical composition 
closely allied to the lime-alumina garnets, but crystallises 
the tetragonal system. According to Sorby it often contai 
fluid lacuuE in which very numerous, but undetermined: 
crystals occur. 

Topaz 

is not a mineral of common occurrence in rocks. It on^ 
attains importance as a rock- component in the 'Topazfel*"" 
of Schneckenstein in Saxony ; still it is occasionally mS 
with as an accessory constituent of certain rocks. \ 

Its crystallisation is rhombic, but it also occurs in i 
granular condition. It is infusible before the blowpipe and 
insoluble in acids. Under the microscope it is stroi 
doubly-refracting ; but, although it is dichroic, the dichr< 
is so weak that in thin sections it is scarcely perceptil 
Fluid lacuniE are common in crystals of topaz; the Kqui 
sometimes a saline solution, sometimes liquid carl 
acid. The fluid inclosures in topaz were first investi{ 
by Brewster in 1845. ^^^ ^'s.v^ subsequently been examioi 
by Sorby and Vogelsang. Rosenbusch notices the ini 
1 'in in topaz of scales of hematite, and of black flecks ssi\ 
granules which show no metallic lustre, and suggest the 

' 'M^moire sai la Slructure et la composition Mineralogique 4 
Colicule,' A. Renard. Bruxelles, 1S77, tomexli, AesMt'Hieira, 
^e/'AiradJmii rgyale dt Bilgique. 
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of carbonaceous niatter;but, as they undergo no change when 
heated, the notion is regarded as erroneous.' 

Zircon. 

This mineral is met niih in some lavas and volcanic 
ejected blocks, also in zircon- syenite. It crystallises in the 
tetragonal system. Sections of some varieties of zircon 
display strong dichroism, while in others it is scarcely 
perceptible. 

In chemical composition it is essentially silicate of rir- 
conia and since it contains no protoxides it is but little 
liable to undergo alteration. It, however, at limes becomes 
hydrous, loses silica, and becomes partly replaced by other 
substances. 

And ALU SITE. 

Crystallographic system, rhombic The common form 
is a combination of the rhombic prism •n P, the macro- 
domes P CO and the basal planes oP. The crystals, especially 
the larger ones, are usually incrusted with and penetrated by 
scales of mica. At times they are feebly translucent and 
very rareJy transparent. The cleavage is very indistinct. 
Andalusite sometimes occurs in a granular condition. 

Its chemical composition is represented by the formula 
AlaOa, SiOa- 

Under the microscope thin sections polarise strongly and 
show well-marked pleochroism. Alteration is denoted by 
the development of a fibrous structure which usually runs in 
definite directions. In some crystals of andalusite carbo- 
naceous matter occurs ; but, as a rule, the mineral is very 
free from inclosures of foreign substances. It is most com- 
monly met with in mica schist and slaty rocks. 

The variety chiastolite or made, so named from the spots 
and cruciform markings which occur in the interior of the 
crystals, is met with only in slates which have undergone 

1 Rosenbascb, Mii. Pkydog. d. Mm. p. •&1.. SW.'^iX, A-W 



alteration from proximity to eruptive rocks, as in 
Skiddaw slate where it nears the grauite. The changes wl: 
take place in this district, as described by Mr. J. Cliftql 
Ward,' consist first in the faint development of ob!o 
oval spots in the slate, together with a few crystals of ( 
tohte ; the latter then become quite numerous and \ 
developed, constituting the true chiastolite slate. TMi 
passes into a harder, foliated, and spotted rock which S 
Ward regards as knotenschiefer, the spots being imperfecti(j 
developed chiastolite crystals, accompanied by more or lea 
mica and quartz, while, in the immediate neighbourhood q 
the granite, the rock passes into mica-schist. Crystals 
chiastolite afford sections which vary considerably in foi^ 
some giving rhomboidal outlines with a dark nucleus I 
the centre of the section. The boundaries of the cryst 
section are usually sharply defined, but the nucleus w ' " 
under the microscope, may generally be resolved into 
mass of dark flakes and granules, is not very diSUnol 
separable from the more or less translucent surroundiil 
matter of the crystal, appearing to have a hazy boundaij 
Zirkel states that in such nuclei a linear arrangement i 
granules or flakes may sometimes be discerned pass' 
from the centre to the angles of the section {i.e. to i 
lateral edges of the rhombic prism), but he adds that t 
arrangement is seldom so clearly perceptible in microsco( 
individuals as in the latter crystals in which such divisioni 
markings are visible to the naked eye. 

KyANITE. 

Crystalline system triclinic Chemical compositiQ 
similar to that of andalusite. The crystals are gener 
long prisms, which appear broad in one direction and n 

' Mfntm'rs ef Ihe Geological Survey of Enxlaml and Wales fJl 
Geoltfiy of the northern part of the English I.ake District), pp. 9-II 
See abo Abliaitc/. sur Geol. Sfecialiarie v. Ekms-Lothringen. IS 
Steiwr Schiefer VI. ihreconlaelmne an den Graniliten v. Barr-AndU 
o. iJocbmdd, H. Roaenbuscb, pp. 210-M^, ■aWa^oi^ vSn, 
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ill the other. The cleavages are prismatic and basal, the 
former being tolerably distinct parallel to ihe broad faces, 
but less so in the direction of the narrow ones. The basal 
deavage enables the prisms to be easily broken in a trans- 
verse direction. The crystals are seldom terminated. It also 
occurs in radiating or interlacing fibrous conditions. It is 
Iransftarent, with a vitreous lustre, and is coloured blue, or 
greyish-bine and white, individual prisms often showing a 
succession of blue and colourless bands which graduate 
into one another. The mineral is pleochroic, but this is not 
perceptible in thin sections. Inclosures of other minerals 
are rare in kyanite. 

Apatite. 

Crystalline system hexagonal. The crystals are usually 
combinations of the hexagonal prism and basis, sometimes 
modified by faces of the hexagonal pyramid. Although 
crystals of apatite several inches in length, and sometimes 
of much greater size,are occasionally found, still the majority 
of those which enter into the composition of rocks are of 
microscopic dimensions. These little prisms are usually 
very long in proportion to their breadth. 

The hardness of apatite is 5. It contains from 90 to 92 
per cent, phosphate of lime, and its formula is either 
3{CajPjO,) + CaClj or l{Z3.^^Q^ + CaF,, 

according to whether the mineral contains chloride, or 
fluoride of calcium. It frequently contains both. 

The detection of phosphoric acid in rocks is best effected 
by finely pulverising a tolerably large sample, digesting it 
in hydrochloric acid, filtering off the solution, and treating 
it with molybdate of ammonium. If phosphoric acid be 
present, a yellow precipitate will be formed, and the pre- 
cipitation, which usually takes place very slowly, may be 
accelerated by frequent stirring with a glass rod. Most 
of the phosphoric acid which exists in rocks probably 
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occurs in the form of apatite ; except in cases wbetC 
instead of being minutely disseminated, it occurs as pbos 
phorite. I 

Under the microscope apatite appears in elongatei 
hexagonal prisms, which, when cut longitudinally, affon 
rectangular sections, and transversely, hexagonal ones. Th( 
boundaries of the crystals are always sharply defined. SincC 
the mineral is uniaxial, the sections taken at right angles tl 
the principal axis appear dark between crossed Nicols. I| 
the colourless apatite crystals, which usually occur in rocks 
no dichroism can be discerned, although in some colouro; 
varieties of the mineral it is quite perceptible. Apatite crya 
tals often contain ligbt greyish or yellowish dusty ma»ei 
the nature of which has not yet been determined, althoi^ 
from an examination of large crystals containing somewfas 
similar impurities, it has been inferred that the dust msj 
consist partly of magnetite granules, and partly of adculd 
microliths, together with inclosures of glass and of fioid 
the former showing motionless, and the latter movaUfl 
bubbles. 

In examining some large pellucid apatite crystals fiod 
the Val Mayia, Fritzgartner found them to contain smal 
elongated hexagonal prisms and pores filled with liquwfc 
The latter varied in form and size, but were mosdy ronndl 
The hexagonal prisms lay with their longer ases parallel DQ 
the basal plane of the containing crystal, and appear ta 
follow irregular curves, and to be arranged in no directiow 
corresponding with the other axes of the crj-stal which con; 
tained them.' 

Apatite crystals sometimes envelope a black opaqu^ 
substance which corresponds in its boundaries with the boutti 
flaries of the containing crystal, the latter often fomtin 
little more than a clear, narrow margin around this dai» 
nucleus. Zirkel notes the occasional symmetrical disposition 
irf six small apatite crystals around a larger one. 
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IBpnte crj-stals of apatite may be distinguished from 
R* of felspars by their heitagonal transverse sections, 
ey may usually be distinguished from nepheline by oc- 
Buring on a much smaller scale, and being of much greater 
ra^h in proportion to their breadth, so that they afford 
pctangular sections which are generally much longer, and 
lagonal sections which are much smaller, than the cor- 
^spoiiding ones derived from nepheline. Tlie student 
Should also be on his guard against mistaking small apatite 
(ieedles for colourless raicroliths of hornblende, augite, &c. 
Apatite crystals seem to be rather gregarious, often co!o- 
nising in certain portions of a rock, and being nearly absent 
In others. It is of all minerals one of the most widely 
distributed, occurring in a vast number of rocks of very 
diverae mineral composition, often being present only in 
*ery mmute quantity. It is even regarded by Zirkel as of 
more common occurrence than magnetite. 

Apatite crystals usually remain clear and fresh long after 
lie other mineral constituents of a rock have decomposed. 
Although so comparatively invulnerable to the natural 
agents which decompose rocks, it is soluble in hydro-chloric 
acid 

AsparagiiS'Stom and moroxite are names given to yellow- 
isligreen and bluish green varieties of apatite. In Canada 
the laiter mineral occurs in a bed ten feet thick passing 
from North Eimsley into South Burgess. Three feet of this 
bed consist of pure sea-green apatite, while the remainder 
is made up of apatite and limestone, in which crystals of 
pyroxene and phlogopiie also occur.' 

RUTILE 

(TiOj), which crystallises in the tetragonal system, ap- 
pears deep red or brown when seen in thin section under i 
the microscope. It is not very strongly dichroic. 
c^smls are often seen to be traversed by iVutv ■^\a.\,t 

' S'J'''''" e^.l/Tnera/ogj/, Dana, c,(a edition, p. 51,1,, 
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strife, and by included crystals which follow the direction 
of the principal axis, and that of the twinning plane »P 
A good figure, showing this structure along the plane o( 
geniculation, is given in Rosenbusch's ' Mikroscopisdie: 
Physiographic,' vol. L p. 187, to which work the student ii 
referred for further particulars respecting the microscopi 
character of this mineral. 

Cassiterite, 

(SnOj) crystallises in the tetragonal system. The crystal^ 
when examined in thin section under the microscope, appea 
by transmitted light of a honey-yellow colour. 

Calcspar {Caldte) and Dolomite. 

Crystalline system rhombohedral. The crystals var 
greatly in the combinations which they present. The laot 
common forms are rhombohedra, scalenohedra, and hexa 
gonal prisms, terminated by basal planes or by planes o 
rhombohedron. The simple rhombohedral forms » 
angles of 105° 5' and 74° 55' are those which cliiefly oc 
in rocks, and the cleavage corresponding with this form i 
commonly to be recognised in granular aggregates 
carbonate of lime. Chemical formula CaCOg. 

The mineral frequently contains some magnesium <] 
iron replacing part of the calcium. In some cases it is ii 
pregnated with sand, as in the well-known crystals firoi 
Fontainebleau, which sometimes contain over 60 percent ( 
that material. When treated with acids, cakspar effervesce 
giving off carbonic anhydride. (Dolomite dissolves la 
readily,) It is easily scratched with a knife, since it onj 
has a hardness of 3. Before the blowpipe it is infusibl* 
becoming strongly luminous ; and, giving off its carbonj 
anhydride, it is reduced to quick-lime, the crystal, if pri 
iousiy transparent, becoming opaque, white, and pulverulent 

Under the microscope, sections of calcspar show vei 
7Bg double refraction, which may be o\iscive4 "ivj -^kve 



^^ OUapar. Quarfg. 149 ' 

I the analyser alone. The planes of cleavage which inier-iect 
one another are also generally visible, while by polarised 

' light it is common to find that the separate granules which 
constitute cr^-stailine aggregates are composed of numerous 
lamellie which polarise in different colours, and which 
denote a system of twinning parallel to the face— i R. 
The lines of demarcation between the lamells are sharply 
defined, and run parallel to one aiiother in the same 
individual or granule ; but the planes of twinning in any one 
granule observe no relation to those belonging to adjacent 
granules. This twin structure may be well seen in crystalline 
limestones, statuary marble, &c. It is very characteristic 
of calcspar, and serves as a rule to distinguish the mineral 
ftom dolomite, which seldom shows any such structure. 
Reusch has demonstrated that a similar twin structure may 
be artificially produced in calcspar by pressure. Inclosures 
of other minerals are common in calcspar. The fluid 

. inclosures which sometimes occur in calcite are generally 
regarded either as water, or as water containing carbonic 
acid or bicarbonate of lime. Dolomite may be distinguished 
from calcite in microscopic sections by occurring in well- 
formed rhombohedra, while aragonite may be known by 
its biaxial polarisation in convergent light. 

Quartz. 
Crystalline system hexagonal ; or, as indicated by the 
occasionally occurring tetartohedral faces, rhombohedral. 
The usual forms are either hexagonal pyramids, or combi- 
nations of the hexagonal pyramid and hexagonal prism, 
la the former case the sections parallel to the principal 
axis yield rhomboidal figures, in the latter elongated hexa- 
gons, while in both instances the sections transverse to 
the principal axis are regular hexagons. Twinning is 
common, sometimes giving rise to geniculation, sometimes 
producing cruciform arrangements, at others causing irre- 
I ^Jar inteipeneCration of dissimWai pai\a cS ■&?. cri'*ai..,*Mt j 



positive rhombohedral faces being irregularly per 
the negative, and vice versa. The chemical ci 
of quartz is SiOj, with occasional impurities, su 
oxides, titanic acid, &c. Quartz is infusible 1 
blowjiipe, insoluble in all acids except fluoric a 
also more or less acted upon by a hot solution of] 
the case of the purer crystallised varieties, but ve 
In the compact and crypto -crystalline condition 
bility in this reagent is, however, according to Rai 
somewhat greater.' The hardness of quartz is 7. 
of a penknife producing no effect upon it, unless 
finely granular condition, when the point may si 
up and detach a few granules, upon which, hov 
unable to make any impression. In this insta: 
otliers, it behoves the student to be on his guard 
the hardness of granular or finely crystalline s 
to distinguish between the disintegration of gram 
lures and true streak. The fracture of quartz is c 
The specific gravity = 2'6s. 

Sections of quartz appear clear and pellucid 
microscope, and polarise in strong colours. 6 
thick sections cut at right angles to the principal 
circular polarisation when examined in convergen' 
light. The plane of polarisation is sometimes rig! 
sometimes left-handed, in its rotation, and both 
handed and left-handed phenomena are at times s 
same crystal. In right-handed crystals the rings 
expand, and in the left-handed to contract, 
analyser is turned to the right 

Quartz is seen frequently to contain inclosure 
substances, sometimes as crystals, sometimes in tl 
lacuna filled with liquids, Stc These inclosure; 
I'isible to the naked eye, but the microscope 
reveals their presence in vast numbers. The < 

' Pegs- Ann. ts-u. ill- J 



St frequent occurrence are those of mtile and chlorite ; 
rstals of kyanite are also occasionally met with. Lacunte 
glass, others filled with gas, and others containing por- 
Ons of the rock matrix in which the crystals are imbedded, 
ate by no means uncommon in some rocks. The most 
mmerous lacunse, howeverj are those containing liquids, 
rtie liquids are frequently pure water; sometimes water hold- 
g carbonic acid in solution, sometimes liqaid carbonic acid, 
unetimes a supersaturated solution of chloride of sodium, 
ttunuie crystals of rock salt being visible within the lacunse 
Under tolerably high powers. These lacunse are at times 
itely filled with the fluid, at others they are seen to 
contain bubbles which vary in magnitude and are re- 
garded as representing the diminution of volume which 
the fluid in the cavity has undergone during the coohng 
of the rock mass in which it occurs. Deductions based 
upon the relative volumes of the fluids, and of the va- 
cuities in such cavities, may be found in the paper com- 
municated to the Geological Society by Mr. Sorby in 1858. 
Il is, however, deserving of note, as pointed out by Mr. 
John Arthur Phillips, that, in the same crystal, cavities 
luy be found, some completely filled, while others contain 
Ticuities whose relative volumes to those of their sur- 
roHDding fluids vary very considerably. The bubbles in 
ftese lacunffi are often moveable, being displaced either by 
^ply turning the crystal, or more usually by heating it, 
m which case the bubble undergoes diminution of volume, 
or even disappears. In some small lacuna diminutive bub- 
oes, which have a spontaneous motion, are visible under 
liigh minifying powers. These bubbles are, however, so 
roinute that they appear frequently as mere specks, and it 
ifieds careful and steady watching lo see their motion, which 
looks like a tremulous gyration, often resulting i 
f&atively well-marked change of place, fottoflfei V 
'pause, to be again succeeded by the i 
\M'3tioDB already mentioned. 
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Triiiymile is a form of silica discovered in 186G by Voin 
Rath. It occurs in very small six-sided tabular crystals. The 
system to which these crystals belong has not yet been satis- 
factorily determined. The specific gravity is a'2 to a '3, the 
same as that of opaL The crystals occur in compound groups, 
uiostly composed of three individuals, whence the name. I^J 
is found in the sanidine oligoclase trachyte of the Drachen- , 
fels, in a volcanic porphyry from near Pachucha in Mexico^J 
in a porphyry from Waldbockelheim, in some Hungarian. 1 
liparites, in the homblende-ande sites of Dubnik.' 
trachytic-looking phonolite from Aussig,' in the Wolf Rock, 
(phonolite) described by AUport, in several phonolites de 
scribed by Mohl.' It has also been mentiotied by A. 1 
Lasaulx as occurring in the trachyte of Tardree, in Ireland 
According to Vom Rath, tridymite is optically uniaxial, ' 
V. Lasaulx regards it as biaxial and triclinic It may ft 
identical with the Asmanite of Maskelyne. 

A globular condition of silica has been lately describei 
by Michei L^vy * as occurring in the euritic porphyries of 
Les Settons, and similar globular conditions of silica have 
also been observed and noticed by M. Villain in a quartfc< 
trachyte from Aden. The former author regards this cc 
dition as intermediate between the crystallised and t 
colloid forms of silica. 

The following extract from M. Michel Li^vy's paper v, 
convey an idea of the microscopic characters of these glo 
bules : 'Between crossed Nicols one is surprised to see si 
regular globules, the centre of each appearing to be a p 
of symmetry with four extinctions situated at right angles fo 
every total revolution of the section ; one is therefore force 
to conclude that they are composed of a crystallised sub 
stance, and are, moreover, orientated in an unique manna 

' H. Rosetibusch, Mikroskcp. Physhgr. d. massigen Gtitdne. 
girt. '877t p. 301- 
' Ibid. p. 225. 

' II. Mbhl, Basalii a. Phottolilhi Saehstns. Dresden, 1S73. 
' £uff. Se,:. CM. de France, y seiie, \. f . \%T\, on. V 
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fies the extinction is simultaneous over an entire 

s different for two or more segments ; 

i most curious peculiarity, exhibited by the concentric- 

pied globules, lies In the fact that two adjacent zones 

jt always undergo extinction simultaneously. Such a 

le will undergo extinction in its central portion and 

, present a perfectly regular narrow 

i^which is still illuminated; if then the observer con- 

b turn the section, this border will become dark while 

■rical central nucleus will in its turn become clear 

mogeneous maimer.' 

Magnetite. 
le system cubic. It usuaOy occurs in the form of 
ledron, sometimes in that of the rhombic-dodeca- 
also granular and massive. Cleavage parallel to 
of the octahedron. Colour black. Streak black. 
ly magnetic and often displays polarity. The chemical 
ftwnula of magnetite is FeO, FejOa, or Fe^O,. The approx- 
imate percentage composition is BcaOa = 69. FeO = 31. 
M^etile is frequently titaniferous. It is very difficultly 
fusible before the blowpipe. When pulverised it is com- 
pletely soluble in hydrochloric acid. Even in the thinnest 
sections magnetite appears opaque under the microscope; 
nevertlieless, when it has undergone alteration either into 
hematite or Umonite it appears feebly translucent at times 
»nd of a reddish or brownish colour. The sections of 
nagnelite crystals, which are of most common occurrence 
m rocks, present square forms which represent sections 
passing through opposite solid angles of the octahedron, 
Or triangular forms which result from sections taken parallel 
to one of the faces of the octahedron (fig. 69). 
LTysBls sometimes occur, the twinning 1 
pLine parallei to a face of the c 
dma. The superposition of one crystal on a' 
' -' rise to cruciform 
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very usually occurs in a granular condition in rocks, 
times in coarse irregular grains, sometimes as a fine 
while at others these granules form segregations which gii 
rise to rod-like forms. Occasionally, as in some basalt 
magnetite crystals are grouped in a very regular manna^ 
following lines which are frequently disposed at right 
Such groupings are not merely to be met with in volcani 
rocks, but also in furnace slags, and their arrangement ofta 
seems to imply the rudimentary stages of aggregation whk 
might eventually result in theformation of a large crystal 6oi 
the contiguous development of smaller ones. 

TlTANIFEROUS IeON, 

CrystalUsation rhombohedraL It mostly occurs in labul 
forms with the basal planes largely developed and wit 
hexagonal boundaries. Titaniferous iron is opaque ai 
black, with a semi-metallic lustre. 

Chemically it has been regarded by G. Rose as i 
isomorphous mixture of titanium and peroxide of iro 
Ramraelsberg, however, gives it the general formula i 
(mFeTiOj + nFejOj) — magnesium usually replacing som 
of the iron : one specimen has yielded as much a 
cent of magnesia. When heated alone before the blOT 
pipe titaniferous iron is infusible. Heated in concentrate 
sulphuric acid it affords a blue colouration but is insolubli 
When pulverised it is, however, soluble in nitro- hydro chlori 
acid. 

When occurring in microscopic preparations it is ofh 

difficult to distinguish it from magnetite, except when , 

affords well-marked rhombohedral sections (tig. 70). 

may, however, often be recognised by the peculiar greyist 

pj^ white alteration -product which is often develope 

# within it, and which frequently follows defini( 
crystallographic directions. When this alteratioi 
is far advanced, merely a dark skeleton or a fc 
d.irk specks of the unaltered mineTal Ttma.m,^\mQMtided b 
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decomposition product, The precise nature of 
while substance has not yet been ascertained, hut it is 
lly assumed to be either titanic add or some silicate 
Itanium.' 

Both titaniferous iron and magnetite frequently occur 
gether in the same rock. 

Hematite. 
The crystallised variety, specular iron or ironglance, 
]ielongs to the rhombohedral system, and mostly occurs in 
'Sided, thin, tabular crystals in which the basal planes 
rgely developed, while the boundaries are formed 
faces of the rhombohedra R and — -^R, or by faces 
igonal prism. Crystals of this kind may be easily 
dissolving a fragment of the mineral camallite, 
le residue will be found mainly to consist of beauti- 
leveloped thin tabular crj'stals of specular iron, which 
ilucent, and of a clear red or orange-red colour, 
ler crystals appear black or iron-grey, and, as in some 
v& the specimens from Elba, show beautiful superficial iri- 
decence. Sometimes the crystals are only imperfectly de- 
veloped, or merely form irregularly- shaped scales. In this 
scaly condition it is spoken of as iron-mica or micaceous he- 
nialile (Eisenglimraer). Hematite also occurs in a granular 
state, sometimes earthy as reddle, while reddish stains of 
ferric oxide are of common occurrence in rocks, especially in 
those which have undergone weathering. 

The botryoidal or mammillated forms of hematite mostly ■ 
"our in pockets or cavities in rocks into which they have j 
''«[) subsequently introduced, or else line drusy cavities, but I 
hematite in this form does not occur as a common rock 1 
wnstituenl, although in a compact and massive condition : 
it is often met with in lodes. In some cases, however, the m 
oastire and micaceous forms of hematite Tna,"j b\.TOlQ& ol I 
le a-l^c ''""^ ^^" ""^'"'"^ ^"^ described by Gii-mbe\, MT,Ae.t ■ivftB 
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themselves be regarded as rock masses ; a hill in the i 
Missouri {the Pilot Knob, 700 feet high) consisting 
exclusively of hematite. 

Hematite gives a blood-red or cherry-red streak, 
feebly magnetic. Its chemical composition is FcjOj whi 
pure, but it is often rendered impure by admixtures of sand, 
clay, &C. Before the blowpipe it is infusible, but becomes 
black and strongly magnetic when heated in the reducing 
flame. 

Under the microscope it is usually seen to occur in irre- 
gular flecks and scales, distinct crystalline forms not being 
of common occurrence in rocks. 

It exhibits no dichroism, and shows red tints of various 
intensity by transmitted light. By reflected light it alstf 
usually appears red, especially when in an earthy or finel] 
granular condition. 

LiMON'ITE. 

This is a hydrated peroxide of iron having the formuW 
aFejOj, sHjO. It is essentially a decomposition product 
resulting from the alteration of protoxides, or of anhydrous; 
peroxides of iron, which have previously existed as consti- 
tuents of other minerals, or in the latter case sometime) 
simply as hematite itself. Liraonite occurs in stalactitk^ 
mammillated, pisolitic, or earthy, conditions. It is co«i^ 
monly blackish- brown or yellowish-brown, in an earthy a 
ochreous state often yellow. The streak is yellowish-brown., 
In thin sections of rocks it is often seen to occur, forminj 
pseudomorphs after crystals of various ferruginous silicates 
and as irregularly- shaped blotches. It appears opaqui 
under the microscope, or occasionally, in very thm section! 
it is feebly translucent, and of a brownish colour. 

Iron Pyrites. 
Crystallises in the cubic system, the most 
being the cube. The faces ol ftit wi^xai's, s 



striated, the slriEe on one face lying at right angles to those 
on the adjacent faces. Pyrites also occurs massive, in no- 
dules which have internally a radiating structure, (many of 
these may no doubt be referred to raarcasite), while in 
some rocks it exists in a granular or finely -disseminated 
stale, sometimes forming pseudomorphs after other minerals. 
Fossils are at times entirely replaced by pyrites. It is 
mostly of a pale brass-yellow colour, gives a greenish or 
brownish-black streak and a conchoidal or uneven Iracture. 
It has a strong metallic lustre, strikes fire with steel, and 
fuses before the blowpipe to a metallic globule which is 
attractable by the magnet. When heated it gives off sulphur. 
When fused with carbonate of soda, the assay, if placed on a 
clean silver smface, and moistened with a drop of water, 
produces a dark stain on the silver. Its chemical com- 
position is iron = 467, sulphur = 53'3, giving the formula 
FeSj. 

Under the microscope, in thin sections of rocks, pyrites 
appears "perfectly opaque. The ground surfaces look glis- 
tening and yellowish by reflected light, and this partly serves 
to distinguish it from magnetite. 

The sections are those resulting from cubes or dode- 
cahedra sliced in various directions, except in cases where 
the mineral is pseudomorphous after some other mineral. 
Occasionally pyrites occurs in minute elongated rod-like 
forms. 

Marcasife resembles pyrites, except that it crystallises in 
the rhombic system. Twinning is common in this species. 

Copper Pyrites (Chalcopveite), 
This mineral is occasionally met with in rocks such as 
diabase, some granites, gneiss, argillaceous schists, &c. 
It crystallises in the tetragonal system; the crystals, however, 
closely approximating to cubic forms. It usually has a 
deeper yellow colour than iron pyrites, from which it may be 
distinguished by its inferior hardness, \)tm% ^G&.t,'^Jt&t 
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iron pyrites cannot be cut with a knife. Copper pyrites 
docs not emit sparks when struck with steel. Before the 
blowpipe it colours the borax bead blue in the oxidbing 
tiame, but to get this colouration the assay should not 
be previously reduced, for, if so, only a deep green co- 
louration will be procured. The blue colour is probably 
due to sulphate of copper, and a previous roasting of the 
assjy of course expels the sulphur. It is soluble in nitric 
acid, with the exception of the contained sulphur, fonning 
a green solution which changes to a deep blue on the addi- 

The chemical composition of copper pyrites is copper 
= 32 5 — 34- Iron = ag'VJ — 3f35. Sulphur = 34 —36 
per cent. The formula is Cu, S, Fcj S^. 

Under the microscope it appears opaque. By reflected 
light it shows a somewhat metallic lustre on ground sur- 
faces, and is generally rather deeper in colour than iron 
pyrites, but not much reliance can be placed upon this J 
appearance, and its presence should be confirmed by che- 
mical examination. 

Zeolites. 

Want of space precludes more than a brief mentjon .a 
the microscopic characters of a few of the most t 
zeolites. They may all of them be regarded as alteraticA 
products, and in all probability never form normal > 
stituents of rocks. They usually occur either lining 1 
completely filling cavities in vesicular and other volca 
rocks, and also occupy fissures and small cracks; occasionaj 
they are developed in crystals of other minerals which haifi 
undergone more or less alteration. They often ( 
spherical crystalUne aggregates, with a radiating stmctuif 
in which case they exhibit a black cross when examinei 
between crossed Nicols, the arms of the cross coincidinj 
with the planes of vibration of the Nicols, The scctioi 
may be horizontally touted ^\n.\ft ilv« MQ=,««d. Nicoli 
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1 stalionarj', yet, although the object revolves, the 
Irk cross does not move. This is explained by Groth as 
I due to the principal directions of vibration of the 
Bbly-refracting fibres lying parallel and at right angles to 
ir longer axes, and bearing a similar relation to rays which 
Bdergo extinction between the crossed Nicols. If tlie 
lalyser be turned through 10° or 20° the dark cross 
ip:oines somewhat faint, and a second imperfectly developed 
^ appears, which makes an angle of 5° or 10° with the 
lUd cross. It will therefore be seen that it travels at only 
iflif the rate of rotation of the analyser. When the analyser 
s been so far turned that the two Nicols stand parallel, 
e first cross disappears and the second imperfect crass 
Wains its maximum intensity, This phenomenon is met with 
in ill doubly-refracting, radiate crystalline aggregates ; and, 
: since Molites frequently occur in this condition, its presence 
1 rocks often suggests that such aggregates are 
ieolitic. 

Katrolite, which crystallises in the rhombic system, pos- 
sesses weak double refraction, and polarises in vivid colours. 
It very commonly occurs in crystalline aggregates, which 
I invariably have a radiate structure, and then show, 
especially when in rounded masses, the interference figure 
characteristic of such aggregates. At times, also, natrolite 
18 seen filling minute fissures. In this case cr)-stallisation 
wmmences on either side of the fissure, and the crystals 
"leet m the middle, their termination giving rise to a zig-zag 
median line which divides the two growths. Nepheline 
•^fystals at rimes become partly altered into natrolite, a 
nieshwork of little prisms of natrolite, in some instances, 
ihnost completely filling the crystal.' 

Analcime, so far as is yet known, crystallises in ihe cubic 

system, but, although regarded as cubic, it exhibits some 

father exceptional optical properties, fttst ^oviAe^i csA-Vj 

b Aewster, and subsequently investigated by Tie^iC^QVLeMH 

' Rosenbusch, AfH. rAyiio^. (Min.) vol. i. p. i%%. ^V^W^^-^^-^X 
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Rosetibusch, and other observers. According to 
cloiiseaux, sections cut parallel ta any one of the fac^ 
of the cube, when viewed in the direction of one of ib^ 
axes by parallel polarised light, appears between crosseC* 
Nicols perfectly dark in the direction of the two other 
axes, while, in the direction of the diagonals of the cube- 
face, a faint bluish, distorted cross appears. Anakirae is 
seldom or never a normal constituent of rocks. Tschcrmak, 
however, regards it as an essential component of the rodt 
which he terms teschenit, which consists of ptagioclasCj 
hornblende, analcimc, magnetite, biotite, and apatite. In : 
leucitophyr from Rothweil, near the Kaiserstuhl, analcim 
occurs pseudomorphous after leucite ; at all events, th< 
leucite crystals contain fibrous and granular aggregates 
analcime, which at times almost totally replace them. 

Hrulandite has bsen observed to contain various micro 
scopic inclosures such as minute orange-yellow colour 
acicular crystals, irregularly-shaped or round granules a 
flecks of a reddish -yellow mineral, and, in one specim 
from the Faroe Isles, Rosenbusch noted the occurrence ( 
innumerable perfectly- developed microscopic quartz ( 
tals. The colour of heulandite is due to the reddish am 
orange-yellow inclosures just alluded to. They have beei 
regarded as gothite, limonite, or hematite. Zirkel considei 
that they are hematite. 

Chabasiti. — This mineral appears from numerous obsep 
vations always to be devoid of fluid inclosures. Micro 
scopic envelopments of quartz have been met with i 
chabasite. 

For further particulars respecting the lat^ge family c 
zeolites the student is referred to the various manuals an 
text-books of mineralogy. 

Crystallites. 
Under this head may be grouped a vast number t 
pure])" microscopic bodies, which, in their progressive d( 



■'^"^ttient, represent the various forms and conditions of 
™^^*al matter, from its departure from an amorphous state, 
to OQe Qf crystallographic completeness, such as may be 
■^•^elated, if not identified, with the crystals of recc^nised 
"liOeral species. The forms belonging to the highest stage 
microscopic development are sjioken of as microliths, 
frequently present crystal faces sufficiently distinct 
it of goniometric measurements, and optical characters 
enough defined to permit their correlation with recog- 
nised minerals. The less perfectly developed crj'stallites 
caiuot however be referred to any particular species, and 
hence has arisen the necessity for the employment of various 
terms, more or less vague, and each of lliem embracing a 
vast multitude of different forms, but convenient, because 
indicative of structural types. Doubtless, as knowledge 
increases, these terms will give place to better ones with 
more precise signification.s, and the progressive developments 
which these minute forms display will be properly worked 
out, and afford a key to the important subject of crystallo- 
genesis. 

The crystallites may be ranged in a descending series as 
follows : 

Microliths. 
Crystalloids. 
Trichites. 
Gbbulites. 

The globuliUs represent the most embryonic stage of 
crystallogenesis, the most rudimentary change effected in 
amorphous matter. They are spherical in form, and by their 
coalescence give rise to variously shaped groups, according 
to the number of individual globulites which enter into their 
composition. Sometimes they arrange themselves in strings, 
and into other systems of disposition, implying more or less 
symmetrical grouping. They usually show a central speck 
or nucleus, and at times display concentric markings and 
indications of a radiale 
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TrUhiiti (from 6(h£, a hair) are minute elongated 
resembling small hairs or fibres ; sometimes they are 
sometimes they cross one another in a more or less regulai 
manner ; at others they appear bent in zigzags, or ; 
ouslytwisted,ivhiieoccasionallya number of trichites 
from a central granule around which they radiate or twirl 
like whip-lashes. Some trichites show regular or interrupted 
lines of granules attached to them, forming rows like beads 
either upon one or upon both sides of the trichite. 

The crystallites proper and crystalloids exhibit in many 
instances a much higher development, being bounded by 
curved or by straight lines, and often assuming crucial or 
„ stellnte forms, which appear 

to result from the symmetri- 
cal grouping of individual 
crystallites. The crystalloids 
especially exhibit consider- 
able complexity of intemsJ 
structure, while in external' 
; form they often approximate 
' to crystals of recognised' 
ninerals. Some of them' 
indeed show so close 
resemblance to true crystals that one cannot help feeling 
impressed with the significance of their internal structure 
when contrasted with that of lai^er crystal; 

The accompanying figures convey a far better idea thaa 
any description could of the forms which these minute bodies 
present. 

Microlitks. — These again show a more complete pi 
of development than the preceding forms. They are soi 
limes very imperfectly developed, but in all cases it is gi 
rally considered that they exhibit a nearer approximation 
true crystals. They very commonly display double refractii 
occasionally show hemitropy, and frequently present 
ficiently well- developed faces to enable the observer 







nurelilhs. 

■e their relative inclination. In some of the krger 
Iths dichroism may now and then be detected. It is 
ftre possible at times to determine with some precision 
to which a raicrolith belongs. Occasionally 
; to be met with which are visibly buill up of 
as in the case of the hornblende crystal, fig. 72, 
s copied from a woodait in Zirkel's ^^ _ 

roskopische BeschafTenheit der Miner- 
1 und Gesteine.' Micmliths are to be 
t eruptive rocks, and in many 
morpbosed sedimentary deposits. Glo- 
s, trichites, crystallites, and crystalloids 
y best be studied in sections of vitreous j. 
9 such as obsidians, pitchstones, and | 
ferlites, also in artificially formed gl 

. Streams of microliths may commonly 
en under the microscope in sections 
rf pitchstone and perlite. They often lie with their 
Ongest axes in one direction, which represents the direction 
If flow in the once viscid mass, for we not merely see micro- 
iths but also strings of vitreous matter, spherulites, &c., 
ilongated and drawn out in the same direction. The 
oicroliths sweep in curves round any large crystals or frag- 
oents which may chance to lie in their course, and seem to 
lave behaved just as planks or sticks do when floating down 
I stream. These appearances in a rock are spoken of a 
bxion structure or fiuida! structure. 

The development of mlcrohths is one of the causes 
levitrification in glassy rocks and in artificial glass. Micro- 
iths also occur as products of alteration, frequently filling o 
nrdally filling the inlerior of crystals which are undergoing 
leconiposition. 

For fiirther information upon the microscopic charactersof 
aryBtallites, both of natural occurrence and of aitifvcial fov 
^aatioB, the reader is re/erred to ' Die Kv^'sVaWAeu' \s^ 'C 
te Hermann Vogelsang. Bonn, 1815. 
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still tlie presence of movable bubbles in most of the fluid- 
containing cavities at once affords a means of distinguish- 
ing them. In some microscopic inclosures of fluid very 
minute bubbles, which have a spontaneous motion, may be 
seen under high powers. 

The liquids usually contained in such cavities are water, 
liquid carbonic acid, and aqueous solutions of salts, fre- 
quently of chloride of sodium; and occasionally cavities may 

seen in quartz which, besides the liquids and bubbles, 



contain n 




:ubic crystals of rock salt (fig. 74).' 

Glass Inclosures are of common occur- 
rence in the minerals which are met with 
rocks, or in rocks which 
contain a certain amount of interstitial 
glassy matter. They are spherical, sphe- 
roidal, fusiform, or of very irregular shape, 
or else they assume definite crystallogra- 
phic forms, corresponding as a rule with 
that of the crystal in which they occur. 
Such fonns may be regarded as negative 
crystals. They either appear as singly refracting matter, or, 
when more or less devitrified, as doubly refracting. In the 
latter case they may be devitrified either by the development 
of crystalline granules or of microliths. Glass inclosures 
frequently contain bubbles, but these bubbles are fixed, 
and do not change their position when the section is 
heated. 

Stone Inclosures are analogous to the foregoing, except 
that they consist of portions of a rock's magma which has a 
crystalline and not a vitreous character. 

In the cases both of glass and stone inclosures small 
portions of the matrix have been taken up while still in a 
fluid or pasty condition by the crystals in which they occur, 

I Vide Mtmmrc svr Us Roches dills PlutoHiennts dr la Btlgigue, De 
la VaJl^ Ponssin et A. R^nard. Bnixelles, 1876. Also 'The Eruptive 
Rocks of Breni Tor and its Neighbouihood,' Memoirs of (hi GioCoekot 
■Sin^ ^ £Bgiaild and Wales, F. Rul\ey. Ijonian, V&Vi, 



and the crystal having developed itself before d\e solidifif 
tion of the surrounding magma, these small pottioiis hai 
been shut off and imprisoned. Sometimes the severance of 
the little mass of gkss or other matrix has not been perfectly 
effected, and it merely appears as a small pocket with 
constricted neck, which opens out on the margin of ll 
crystal. Such partial inclosures may frequently be seen 
the quartz of quartz- porphyries and quartz- trachytes. 

Provisional Names applied to Minerals. 

The following are terms used to designate provisionally 
certain substances which are sometimes met with i 
microscopic sections of rocks, and which, from occurring 
only in very minute quantities difficult of isolation, it 1 
not as yet been possible to analyse. Their precise che 
micat constitution and mineralogical afiinities are, therefOK' 
undetermined; and, to avoid erroneous descriptions of theo 
certain terms have been coined which merely imply sul 
stances which present certain microscopical appearand 
and whose mineralogical characters may vary more or les 
and may embrace several distmct mineraj-species undd 
each term. 

Viridite includes mineral matter which is probably re 
ferable to different varieties of chlorite and serpentine, I 
appears under the microscope in the form of translucen 
green matter, either in little scales, or fibrous aggregates 
It may always be regarded as a product of decomposition 
and frequently represents the alteration of such minerals a 
hornblende, augite, olivine, &c It is probably a silicate o 
magnesia and protoxide of iron. 

Opacite is the term applied to perfectly opaque, black 
amorphous, microscopic granules, patches, or scales. It % 
usually present in rocks which contain magnetite ; frequent]] 
it forms pseudomorphs after other minerals. It is regardet 
by Zirkel as representing earthy silicates, possibly allied U) 
micas, and amorphous metallic oxides, es^ciallY hydroiddeii 



and oxides of titaaiura and manganese. In some cases 
it may be amorphous magnetite, or carbonaceous matter, 
graphitei &c. 

Ferrite is amorphous red, brown, or yellow earthy matter 
which is often pseudomoq^hous after ferruginous minerals. 
CheiDicaily it most likely represents hydrous or anhydrous 
oxides of iron, but the different kinds cannot be referred 
with any certainty to definite mineral species. 

Felsttic Matter. 

This substance, which is of such common occurrence in 
many rocks, and, in some, constittates a very large proportion, 
fonning the groundmass of quarta- porphyries and many 
othe: porphyritic rocks, and often representing, in the rhyo- 
litic series, the devitrification of glassy matter, has hitherto 
been described in a more or less vague manner by numerous 
observers. The student has consequently been left in a 
state of considerable doubt as to what felsitic matter really 
is, and, as a rule, the more he has read on the subject, the 
less able has he been to fix any satisfactory definition for 
the term. 

A masterly account of the various opinions which have 
been put forward on this subject will be found in Rosen- 
busch's ' Mikroskopische Physiographie der massigen Ge- 
steine.' Stuttgart, 1877, p. do €t seq. In this place it will 
suffice to give the conclusions arrived at by Prof. Rosen- 
busch, since, although they represent in part the views of 
Prof Zhkel, they seem to meet most of the objections to 
which other definitions are open, and possess a precision 
hitherto wanting in most descriptions of these difficultly 
determinable substances. 

To begin with ; these substances which cannot be pro- 
perly investigated, except under high magnifying powers, 
may be resolved microscopically either into a thoroughly 
crystalline aggregate, or into homogeneous, amorphous 
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The former is designated givundmass by Vogelsang an^ 
Rosenbusch; and the latter magma. 

Zirke! employs the name basis for the amorphous sub- 
stance, or ' unin dividual! sed ground -paste," as he terms ii, 
and Rosenbusch also adopts the term basis. 

Zirkel's definition of a micro- felsitic basis is; 'thai it'iu 
amorphous, that it shows, in thin sections, no independent 
contours. Its boundaries are moulded upon the forms « 
the crystalline constituents, and it forms roundish creelis cm 
inlets in the latter. Its true nature is variable, and not ea^ 
to render in words. It represents a devitrification producfc 
in which, indeed, a hyaline aspect is utteriy wanting, bfl 
which, on the other hand, is not separable into true inn 
vidualised parts. It generally consists of quite indistinM 
ofien half-fluxed granules, or indistinct fibres which consfl 
tute the micro-felsitic mass. Between crossed Nicols 8 
becomes, in its typical development, perfectly dark, but alse^ 
at limes, transmits a very feeble, fluctuating light. The littl 
fibres and granules often show a decided or a rough ter 
dency to radial arrangement. In thin section micro-felsiti^ 
matter appears very clear, and either light-greyish, yeilowish^ 
reddish, or quite colourless. It is often sjjeckled with litdfi 
dark granules which in certain spots show a crude radisD 
arrangement, or it may be sprinkled with brownish -yellow 
and brownish-red granules of a ferruginous mineral. 

An ultimate glass magma may be present in many n 
felsitic masses, although not clearly to be recognise 
such. Experience shows that weathered felspars may b<S 
represented by micro-felsitic ii^atter.' 

Rosenbusch states thai in many cases felsite, or tfa^ 
groundmass of porphyries, consists of a microscopical^ 
line-grained aggregate, formed of minerals which can bft 
identified with those constituting granitic rocks, ofien in the 
same combinations as those in which they occur in rocki 

' MikrOikop. Bexhaff. d. Mill, in Gat., Zirkel. Leiptjg, 
p. zSo. 



Felsitic Matter. 

V Die granitic group, One or other of these minerals w 
'•'en absent, and of these mica is the one which is generally 
■hissing. So long as the granules of such aggregates, which 
I differ in no essential respect from many vein-granites, or the 
I poundmasses of many granite-porphjTJes, are not of loo 
f minute dimensions, one can recognise the mosaic-like 
' aggregate polarisation and the sharp boundaries of the indi- 
vidual crystalline grains. Diminution in the size of the 
' grains naturally renders the recognition of the individual 
particles more difficult, and often impossible. The individual 
granules do not merely lie side by side, but also in various 
planes one over another, and the various refractions, reflec- 
tions, and interferences which ensue from these overlaps tend 
10 render any deductions concerning the optical characters 
of the constituent granules highly untrustworthy, and give 
rise to the generally vague transmission of Ught which cha- 
racterises these aggregates when they are examined between 
crossed Nicols. 

Rosenbusch goes on to state that if we accept Groth's 
definition of a crystal as a compact body in which the elas- 
ticities differ in different directions, and, if we furthermore 
allow that external boundaries are immaterial so far as the 
foregoing definition extends, it follows that if double refrac- 
tion be the result of any mechanical conditions of tension, 
or strain, the expression ' non-individualised,' used by some 
authors in reference to micro-fclsitic matter, is either n 
ingless, or that it indicates, at best, that external form does 
not entail special internal conditions. 

From this point of view Rosenbusch designates 
cryslalline all those parts of felsites which are doubly refract- 
ing, so long as it cannot be demonslrated that their aniso- 
tropy is in any way the result of anything resembling 1 
conditions of strain which are not related to molecular J 
structure. 

Basing his nomenclature upon these considerations,! 
Rosenbusch describes those parts of porphyritic ^oundJ 
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masses which are aggregates of mineralogically-recogni 
elements as micr&-(rystailinc, while those parts which 
simply crystalline aggregates, without any definite 
being discernible in the constituent particles, I 
crypto-crystalline. 

Those portions of porphyritic groundmasses in whidl! 
double refraction can be recognised roust be regarded 
amorphous, although, as Rosenbusch remarks, that, 
eluding isometric crystals, there are those belongiDg 
other systems in which the elasticity-differences 
directions become too insignificant to afford any perceplil 
phenomena of double refraction when thin sections of th( 
are examined. He also cites certain altera tion-prodi 
after pyroxene and amphiboie, in which their anis 
character can only be distinguished by their pleochroi 
In very many cases micro- or crypto-crystallint 
contains an intimate admixture of fine films, stripes, and 
flecks of a perfectly structureless and almost invariaWjl 
colourless substance which remains dark in all positions 
between crossed Nicols. It may be absolutely horoc^ 
neous, or it may contain excessively minute granules and 
trichitic bodies of various kinds. This substance Rosen- 
busch designates glass or glassy-basis. The condition in 
which it contains the granules and trichites he regards as a ; 
phase of devitrification. In most instances tliis impure « 
devitrified matter is opaque, or so feebly translucent, and 
occurs in such minute films or grains, that a determination of 
its isotropic or anisotropic character is seldom ■ 

Instead of a true glassy-basis, matter of a somewhat 
different kind is very often present, forming excessively thin. 
films which appear interwoven with the micro- or crypto- 
crystalline aggregates. This substance is perfectly isotropic, 
colourless, greyish, yellowish, or brownish, but, unlike truol 
glass, it is not structureless, but appears to be made up oC 
extremely minute scales, fibres, gta-n>i\es, «x a^Es^^j^-e* ij 
granules, together with other deve\ove6 foTmsa.-na.\to.fcxs«H 



It differs also from micro- and crypto- cr)-stalliiieB 
ssinils want of any action upon polarised light This • 
:e is the micro-filsite or mkro-fdsitic basis of Rosen - 

It is not micro- or crypto-crystalline, and it is not 
JUS in the sense in which those terms are employed, 
enbusch adds that it yet remains to be shown whether 
:lsitic matter is inert upon polarised light, owing to 
raal conditions of tension, or whether it should be 
i as a fibrous, scaly, or granular glass, or 
se. 

observations of Leopold von Buch, Delesse, Stel* 
ilff, Vogelsang, Allport, Kalkowsky, and other writers J 
imented upon in the review of this subject, wbichfl 
usch gives in the work from which these statements' 
en extracted.' 
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The observer is supposed to be looking down directly an the basal 
planes of Ilie crystals. 

Except in fig. /, the angles of the prismatic cleavage correspond 
with those of the priems. 

Figs, a, i, c, and / represent moDoclioic crystals. Figs, d and e 
r^resent rhombic crystab. 



PART II. 
DESCRIPTIVE PETROLOGY. 



CHAPTER XL 



! CLASSIFICATION C 



The classification of rocks involves considerable difficulM 
and no scheme has yet been propounded which isnotmoregj 
less open to objection. Our knowledge is not at preseaf 
extensive enough to enable us to speak with certai^ 
regarding the origin of all the different rocks with which m 
are acquainted, and we are not as yet in a position to ass 
bow far the mineral constitution and the physical char 
ters of rocks afford clues to their origin. The followi 
points have to be considered in framing a petrologid 
classification :- — 

(i.) The chemical composition of the rocks. 

(ii.) Their mineral constitution. 

(iii.) Their physical characters. 

(iv.) Their mode of occurrence. 

(v.) Their order of sequence in time. 

The chemical examination of a rock shows i 
elementary substances enter into its composition, and i 
afford some clue to its mineral constitution and to i 

The mineralogical and physical examinations teach t 
how those elementary subatancea have combined, ; 



' some cases, the conditions under which those combina- 
l^ions have been effected, the various minerals which enter 
J Wto the composition of the rock, the crystallographic and 
I Other physical peculiarities whicli the component minerals 
f present, the relative order in which those minerals have 
sometimes crystallised, the arrangement, if any, which the 
individual crystals, granules, scales, or fragments observe 
towards each other, and the general state of aggregation of 
the crystals or mineral particles of which the rock is 
composed. 

The microscope, furthermore, affords the means of ex- 
tending these investigations by enabling the observer to see 
structural peculiarities which unassisted vision fails to 
detect 

The following classification has been Iramed for the 
purpose of bringing certain important typical rocks promi- 
Tiendy before ihe student's notice, these type-rocks consti- 
tutiog, as it were, the nuclei of their respective groups. 
Since the groups of each class merge into one another more 
or less in mineral constitution, no sharp boundary lines can 
be drawn between them ; the type-rocks of the different groups 
therefore serve as milestones by means of which the student 
may ascertain in what part of the great series to class any 
particular rock ; the types holding a relation to the whole 
pelrological series somewhat analogous lo that which Frauen- 
hofer's lines bear to the spectrum. 



CLASSIFICATION OF ROCKS. 
Eruptive Rocks, 



Obsidian 

Perlite 

Pitchstone 
Tachyiyte, 



including hyaline rhyoiitJ 
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11. Crystalline, 

'Granite group 

Felstone „ 

Syenite „ 

Trach)te „ including rhyolite proper. 

Phonolite „ 

A. Typical groups -j Andesite „ 

Porphyrite „ 

Diorite „\ included under the old 
Diabase „( term 'greenstone' in 
Gabbro „[ its original and broadest 
Basalt „l signification. 

B. Rocks of exceptional mineral constitution. 

III. Volcanic Ejectamenta. 
IV. Altered Eruptive Rocks. 



Sedimentary Rocks. 

I. Normal Series. 

Arenaceous group (sands). 
Argillaceous „ (clays). 
Calcareous „ (limestones). 

II. Altered Series. 

A. With no apparent crystallisation. 

B. With sporadic crystallisation. 

a. non-foliated. 

b. foliated and schistose. 



C. Crystalline 



III. Coarse Fragmental Series. 

Breccias and conglomerates. 

IV. Tufas and Sinters. 

V. Mineral Deposits constituting Rock-Masses, 



Vitreous Rocks. 17 7 

ERUPTIVE ROCKS. 

Class I. — ^Vitreous Rocks. 

The vitreous rocks are characterised by their generally 
homogeneous aspect, their more or less glassy lustre (which, 
however, is sometimes only feebly glassy, greasy, or dull 
when the rock is partially devitrified), by their conchoidal 
fracture, and, optically, by the single refraction which they 
exhibit, except when more or less crystalline structure has 
supervened. They may, like the crystalline eruptive rocks, 
be divided into two sub-classes, the highly-silicated or 
acid (those containing over 60 per cent, of silica), and the 
basic (or those which contain less than 60 percent). Some 
of those usually occurring in the former sub-class vary 
somewhat in the amount of silica which they contain, and at 
times appear to belong rather to the basic sub-class ; the 
prumice from some localities, for example, having less than 
50 per cent, of silica, while that from others contains over 
62 per cent. 

The vitreous rocks may be conveniently arranged in the 
following order : — 

I. Containing over 60 per cent. SiOz : — 

Obsidian. 

Pitchstone. Pumice. 

Perlite. 

II. Containing less than 60 per cent. SiOa : — 

Tachylyte. Pumice. 

The vitreous rocks of the first or highly-silicated sub- 
class closely resemble the liparites, trachytes, andesites, and 
other highly-silicated eruptive rocks in their chemical com- 
position, while the minerals which are developed in many of 
them also imply a sim.ilarly close relationship. So close, 
indeed, is this relation that some petrologists include 
obsidian, pitchstone, perlite, pumice, soad c^tyiwv oi^^isNaii^ 

N 



(erous trachytic lavas, under the terras rhyolite 
The student should therefore bear in mind the 
separation of the vitreous from the ciysialline rods 
merely to physical differences which the members of 
two sub-classes respectively present, and does not imj 
special diiference in their chemical composition, 
physical differences depend upon the conditions 
which solidification was effected, whether gradual ot 
In the former case the molten mass would develop 
in the latter it would remain amorphous : it would, in 
result in a more or less perfect glass. In these naS 
glasses it is, however, common to find crystallites 1 
ciystals, the former usually developed very completeljf, 
latter less perfectly formed as a rule, since they genei 
present rounded boundaries, or their angles, if any e 
also appear rounded. The cause of these rounded bi 
daries does not, as yet, seem to be satisfactorily deti 
mined. It is knowTi that fragments of rock and individi 
crystals become rounded by constant attrition during till 
ejection from, and their returning fall into, the throatot 
volcano ; and since, in rather rare instances, the microsoi 
shows that some of these vitreous lavas contain not n 
rounded crystals, but also well rounded fragments of 
vitreous rocks of a quite distinct and different characH 
from that of the matrix in which they are enveloped, 
seems possible that in such cases the rounded crystals (U 
fragments of rock represent ejectamenta, which, rounded 
attrition, and lying within or around the crater, have bol 
taken up by the viscous mass of lava as it welled over them 
If this were the case, we might at first be tempted to thinl 
that the rounding was due to the superficial fusion oftl" 

' The name rhyolite, from fwij (a lava stream) ani) a/Pm, wss i" 
Iroduced by v. Richthofen in lS6o, and included ccrlain Hnngjri* 
qiiorli'trachyles, which showed strong evidence of viscous fluxion, f 
Ihe highly silicated vitreous loclts lusi vnewVoueA, ^ -jeB,i\«» S'*' 
Rnlh :ippncd the term liparite lo simi.\at trjttaaS"- '"^^ -.-.^«™-o*i 
occaning in the Lipari Islands. 
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gments or crystals, just as fragments of minerals become 
ed in a borax bead before the blowpipe ; and it may be 
tt such a supposition is not wholly incorrect, since, although 
tKe borax bead the minute fragment as it fuses becomes 
CTounded by visible tortuously-twirling strings of its own 
olten substance, before these fused products become per- 
ctly incorporated with the borax glass; still we must 
anember that this fused, ropy matter is visible, because it 
ififers in density from the fused borax, while in the case of 
fitreous rock fragments, felspar crystals, &c., fusing in a 
lighly heated vitreous magma, the respective specific gravi- 
fe do not differ sufficiently to render the phenomenon of 
imperfect incorporation apparent 

The sp. gr. of borax is 171 

„ obsidian „ 2*41 — 2-57 

„ perlite „ 2-25 

„ sanidine „ 2*56 — 2*6 

„ plagioclase „ 2*56 — 276 

It should, however, be borne in mind that the substance 

of felspars, which are the principal rounded crystals in 

vitreous rocks, is approximately colourless, so that in a 

colourless magma the phenomena of imperfect mixture would 

not be apparent Such phenomena are, however, distinctly 

viable in some obsidians and pitchstones, in which, under 

the microscope, tortuous lines of glass, differing markedly in 

colour or tint firom the glass in which they lie (fig. 75), 

denote, no doubt, a difference in the relative specific 

gravities of the two glasses.^ Such included glass lines and 

^ds in hyaline rhyolites, although they show us that the 

glass is not homogeneous, do not furnish us with any clue as 

to the source of the material which differs from its matrix. 

h cannot well be imagined that the rounded crystals and 

' This may be seen in the obsidians from ToVcsva *m '^>\\vgi.v5 , 
'riaAee Ferry in Nevada, and other similar rocks. ¥Atvd.T^^V*^^Tvox^^"os^ 
"^r be seen on mixing liquids of different speci^c gt3i>nX.\t?». 
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fragments in these vitreous lavas were showered down on 
the surface of the viscous lava stream, since that would 
imply a synchronous eruption of lava and ejection of ashes, 
dust, sand, &c, from the same vent, for, where two craters are 
situated near one another, one is generally at rest while the 
other is active. If neither of the foregoing hypotheses he 
adopted there seemingly remains but one other, namely, thai 
the crj'Stals have been developed during the solidification of 
the rock, and that the rounded contours which their sections 
present are due to aborted crystallisation, such as that 
pointed out by Poussin and R^nard as occurring in the 
orthodase of the porphyrite of Maims in Belgium,' We 
may, perhaps, admit with safety that in many instances the 
crystals have been developed in the rock ; but, if we admit 
it in all cases, how are we to account for the included 
fragments of rock which may occasionally be noticed in 
microscopic sections of these lavas? It is also worthy of 
note that the same section may exhibit crystals with well- 
developed angles and also rounded crystals of the same 
mineral. 

Certain structural peculiarities and inclosures, many o£ 
which can only be observed microscopically, are character- 
istic of the vitreous rocks. These structures or inclosures 
do not always individually characterise these rocks, since it 
is not uncommon to find crystals, crystallites, microlith^'' 
spherulites, iS:c, all developed in the same specimen. '~~ 

The foUowing is a descriptive list of the principal stniCf 
tures which occur in vitreous rocks. 

Homogeneous. —'Thxs condition is more hypothetical thai^ 
real, since, when examined microscopically, scarcely any 
the most homogeneous -looking obsidians are seen to be fretf 
from inclosures of microliths. If, however, these microlitIi;| 
and other inclosures be put out of the quesrion, the glassy 

' Miniairi sur la earact^res minlralogiiiitfj it stratigraphiqws t 
^ja •liles JHutoniennis at la Bdgiqnr fl dc FArdmiK Fran(aiic I 
»Wec Poussin et Rinaid. Brunellcs, i^ib. 



thatrix in which they lie may be regarded as homogeneous, 
or as approximately homogeneous, althougli, under high 
powers, it often shows included dusty matter, which might 
exhibit some definite charactera if still higher powers were 
employed. It may, however, be stated that, as a rule, 
all of these natural glasses contain fine dust and micro- 
liths. 

Banded. — This structure is rendered evident by the inter- 
lamination of glasses which differ in tint, or by the segrega- 
tion of granular mat- j..^^. ^ 
ter in strings or layers. 
The bands are seldom 
continuous for any 
distance, and usually 
exist merely as elon- 
gated lenticular 
streaks. Fig. 74A 
shows the banded 
appearance of a sec- 
tion of black obsidian 
from the Island of 
Ascension, magnified 
50 diameters. 

Damasaned, — The 
author suggests this 
term as a convenient one by which to describe the struc- 
ture shown in some obsidians, in winch streaks or threads 
of glass are contorted in a confused manner, wlilch some- 
what resembles the markings on Damascus sword-blades or 
the damascening on gun-barrels. Fig. 75 represents part of 
a section of a red obsidian, from Tolcsva, in Hungary, naag- 
nified 50 diameters, in which the damascene structure is well 
showTL These twisted Chreads of glass are of a different tint 
or colour to that of the glass in wliich they He. The 
appearance which they present when seen in thin sec- 
tion under tlie microscope suggests tJi3i'«\«Kb.v«ia\\Ri5MiE. 
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of different density exhibit when they are imperiectly mixe 
and shghtly agitated, as pointed out on page 179. 

Fig- 75 PcrMc—A SttUI 

ture especially chj 
racteristic of t! 
rocks termed perliti 
but sometimes dev 
loped in oth 
\ vitreous rocks sue 

trachylyte, 
'jt This structure 
/ been described as 
phenomenon attent 
upon contrai 
tion, first by Pro 
fessor Bonney an 
subsequently by t 
author, who was at the time ignorant of Professor Bonney 
conclusions These conclusions have since been admirabl 
demonstrated by Mr. AJlporfs examination of some a 

peril tes occurring in Shropshin 
The structure consists in the dev< 
lopment of numerous minute crack 
which exhibit varying curvature, an 
produce somewhat concentric an 
approximately spheroidal or elliptic 
figures, but the lines which bouii< 
these forms do not coalesce as 
rule, so that the structure may 1: 
described as an imperfect, concen 
trie, shaly one, which, on i 
scale, finds a parallel in th« 
spheroidal structure developed ; 
some basalts. The splieroida i 
; almost invariably found to he pacTced betwet 
|tK rectilinear tissuies which traverse the rock in t 



Fig, 76. 
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directions, but which are seldom seen to cut throtigh the 
spheroids. (Fig. 76 represents a section of perlite from 
Buschbad, near Meissen, Saxony, magnified about 10 diame- 
ters.) The spheroidal bodies are often seen to be traversed 
by more or less parallel streams of microliths which bear no 
relation, or observe no relative disposition, to the spheroids, 
thus showing that the perlitic structure had no existence 
when the rock was in a state of fluxion, but was developed 
on the solidification of the rock. 

Spherulitk. — This is a structure totally distinct from that 
just described and may be regarded as concretionary, or as 
resulting from incipient crystallisation around certain points 
or nuclei. The nuclei, when they exist, consist either of a 
granule or a minute crystal or crystallite, but most commonly 
no nucleus is discernible. , SpheruUtic structure in its most 
rudimentary form seems to consist in the segregation, i 
spots, of glassy matter, of a different colour to that which 
constitutes the matrh, and often contains a considerable 
quantity of very fine dust, the 
nature of which has not been 
ascertained but which is pro- 
bably majnetite. The glass 
constituting the sphemlites is 
mally of a deep yellowish- 
brown colour and, in very 
perfectly developed spherules, 
generally forms a broad zone, 
■within which lies clear light- 
coloured or colourless glassy 
matter having a radiate struc- 
ture, due to imperfect crystalli- 
sation, while, at the central spot, 
from which the crystals, rods, or 
fibres emanate, a few doubly 
refracting granules may sometimes be obsen-ed. In some 
instances, as in the obsidians of the Li^id IsU.i'ia,*. ^jex- 
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fectly clear, colourless, but very narrow outer zone suuoundsB 
the brown glassy envelope of the sphcmiite, as in fig. 77. T 
(Magnified 150 to zoo diameters). In vitreous rocks froml 
the last named locality, in those from the Island of Ascor I 
Fig. ■)%. sion, and in many other ex- f 

amples, the spherulites 
in de&nite layers or belts, and I 
have, in many caSes, beai | 
elongated in the direction in 
\ which the la\'a- stream Rowed 
[imes they even coalesc 
h/ and form more or less contjm 
ous bands, as in fig. 78 (maj 
nified aa diameters), wbic 
represents part of a band I 
coalesced spherulites in iL 
obsidian of Rocche Rosse, Lipari. Occasionally, but vei 
rarely, spherulilic structure is so extensively developed] 
vitreous rocks that the whole mass consists of closelypack* 
spherulites, between which only small patches of the glas 
matrix can here and there be discerned, while the sphenilh 
are so closely crowded together that their boundaries are I 
longer spherical, but, by compression, assume polygon 
forms. Spherulitic structure is sometimes developed 
artificial glass. A fragment of a plate-glass window, fi 
a house which had been burnt down, exhibited coloriies 
spherulites, when examined under the microscope. 

Axiolitic. — A structure is developed in some of 1 
vitreous rocks of Nevada, U.S., and elsewhere, the indii 
dual components of which have been termed axioHtes t 
Zirkel' These appear to be somewhat analogous 

■ to spherulites ; elongated lenticular and curve 
es of brownish glass forming the envelope of a small* 
responding mass of paler vitreous matter, in whit 
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^^■incipient crystallisation or fibrous stniclure trends at 
^^H angles to the inner surfaces of the envelope towards 
^^B longitudinal median line. The great diversity exhibited bj 
^^B such structures is well shown in the work cited in the fool 
^H note from which the accompanying figure (79) is copied. The' 
^H figure represents the axioliric 
^H Structure visible in a rhyolite 
^M from N.W. of Wadsworth, 
■ Nevada, U.S. 
H PorphyritU. — This term is 

applied to vitreous, just as to 
Other rocks, implying that 
isolated crystals distinctly 
visible to the naked eye 
occur in them. The appli- 
cation of this term has in 

all cases a purely arbitrary limit, since it not merely 
refers 10 the mode of occurrence of the crystals, but also 
to their size ; rocks in which very small isolated crystals 
occur only being spoken of as micro- porphyritic. simpljr. 
because, from their small dimensions, they do not convey tO' 
the naked eye the blotched appearance which characterises 
the commonly recognised porphyries. 

Tiichilic and MicroUtk are terms which might 
given to those vitreous rocks which contain multitudes of 
the bodies already described as trichrites and microliths ; 
but as nearly all vitreous rocks are more or less microlitic, 
and as the word ' trichitic ' sounds inconveniently like the 
adjective ' trachytic,' which latter is often applied lo rocks 
of this class, such terms as trichitic and microlitic are 
perhaps better left alone. 

Devitrified. — This implies that the rock has undergone. 
to a greater or less extent, certain physical changes whicl 
cause it no longer to behave as a glass, its vitreous characti 
being partially or completely destroyed by the develo 
either of microliths, crystalline granules, or crystals. 



i86 Descriptive Petrology. 

ultimate stage of crystalline -granular devitrification is felsit 
matter, and, when a rock has undergone complete change ( 
this kind, it is only possible to arrive at conclusions a 
once vitreous nature, by means of those structural peculiar 
ities which indicate former flusion, and, should ihoa 
characters fail to be very well marked, it is, as a rule, mca 
hazardous to jump at any conclusions concerning Uh 
original condition of the rock. 

Filiform. — A condition occasionally, but rarely, met widi' 
as in the filiform lava of Hawaii, in the Sandwich Islandl 
known as P^l<^'s hair, in which molten vitreous lava h 
been frayed out and blown by the wind into long ai 
extremely slender glassy threads, which commonly terminat 
in little fused knobs or pellets. This structure is ; ' 
produced artificially in blast-furnace slags. 

Obsidian. 

Obsidian results from the quick solidification of lavj 
which, if slowly cooled, would deveJope crystalline struct 
and assume the character of trachyte, liparite, &c, roi 
which contain over 60 per cent, of silica- In obsidian n 
crystalline structure is developed ; it is a true, natural g 
Nevertheless, obsidians frequently contain microliths; 
when spherulitic, the sphenilites commonly show a Tzdit 
crystalline or fibrous structure. Obsidians present a ves 
homogeneous appearance and a strong vitreous lustre. Thei 
fracture is eminently conchoidal. They vary somewhat i 
colour, but are mostly black or grey. In thin splinters thq 
are all more or less transparent. 

Obsidians also varj' in chemical composition. The sHcd 
may be estimated at from 60 to 80 per cent, the alumina a 
18 to 19 per cent., while the remaining constituents i 
potash or soda, lime, magnesia, peroxide of iron, and oc< 
ly as much as 0-5 of water. Their specific gravitj 
between 3*4 and 35, andlhe Wtiaesaes^wi^^ wj 
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which contain the largest propoitioQ of sihca are only 
^y acted upon by acids. 

i the blowpipe obsidian is fusible on the edges of 
[dinters. Sections of obsidian when placed under the 
scope between crossed Nicols exhibit no double re- ■ 
fraction, the field appearing quite dark ; but this dark field 
is usually thickly studded with bright doubly- refracting 
microliths, and luider moderately high powers crystallites of 
varied forms, exhibiting structural peculiarities of excessive 
beauty and interest, may often be met with in great profusion. 
There are, however, some obsidians, such as the pseudo- 
chrysolite or bouteillen stein, which occurs as rounded pebbles 
Q sand at Moldauthein in Bohemia, and in some of the tuffs 
lear Mont Dore in Aiivergne, which show no crystallites 
under the microscope, and equally pure obsidians occur in 
one or two localiries in New Zealand and in Iceland. All 
of these, however, contain great numbers of gas pores, 

The crystallites which occur in obsidian vary so greatly 
in form that mere descriptions of them would be of little 
3 the student. The precise mineral species which they 
represent are in many cases undetermined, but it is probable 
that many of them are incipient felspar crystals. In some 
of the small crystals or microliths, which are so common in 
rocks of this class, it is interesting to note the gradual deve- 
lopment of structure which may sometimes be seen in a 
single microscopic section ; in one place simply a comb-like 
ciystaliine growth springing from minute tapering rods, which 
constitute, as it were, the visible axes of these little crystal- 
lites ; in another, a microlith, or small crystal, in which may 
be seen a structure identical with the preceding, and which 
seems to show the plan upon which it has been built up, to 
be in fact the framework upon which it has been developed. 
The little a.-dal rods, if they may be so termed, are not 
always straight ; at times they have a somewhat sigmoidal 
flexure, at others they occur in pairs arranged like two bows 
set back to back. This disposition is oc.ca?i\ot\aJi^ «sw^«i. 
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with ihe intermediate tievelopment of a small,! 
angular, or rhomboidal mass, from the four con^ 
the ajiparcnt homologues of these arcuate lod 
like horns, as in fig. 80, while the whole i; 

Fig. to, hyaline border, whose external boi| 
occasionally striated structure indica 
tiation of the surrounding glassy n 
the incipient extension of crystalling 
ment. Similar borders often si 
lites which give sections like those I 
elongated pyramid would afford ; and a 
groupings, which closely resemble ^gregates ( 
pyramids, may also be seen at times in obsidians. 

Besides the crystallites just mentioned, it 
find spherulites developed in these lavas, 
rudimentary condition they occasionally seem to bel 
sented by blotches of a glass, of deeper colour than ( 
the surrounding matrix. Generally the most perfect 
veloped spherulites have a somewhat broad border d 
which appears reddish-brown by transmitted ligh^ a 
rounds a central spherule of clear and often almosM 
less glass, in which a radiate structure is developea 
in some instances, the whole spheruhte is smrouncS 
narrow colourless envelope of clear glass. These spl^ 
are sometimes elongated in the direction in which d| 
viscous stream of obsidian flowed, and this elongadf 
occasionally taken place to such an extent that the I 
lites have coalesced, and formed more or less co4 
bands, of which the centra! portion consists of vitrofll 
at limes, micro- crystal line matter. This is cased in 1^ 
envelope of glassy matter which appears reddish-blj 
transmitted light, and generally snow-white or gnj 
reflected illumination. Occasionally this is surroundl 
lliin external coat of clear, colourless glass, which,' 
the clear absorption areas seeti aioMTid *e c<-j«aS 
dust segregations in sortie v\trecws locVsi ^s ■taoaw 
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Fig. 81. 
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ine of demarcation from the glass which constitutes 
trix. Such spherulitic bands have sometimes, when 
ilescence of the spherulites has only extended to their 
I zones, merely the aspect of beads closely strung 
jr ; but, in cases where the coalescence has been more 
ite, the boundaries of the bands are approximately 
I straight lines, so that the structure of such a band 
\g may be diagram- 
lly represented as 
81, a being the 
:rse and b the longi- 
section. It is not, 
ir, to be supposed 
/here vast multi- 
of spherulites are developed on the same plane, 
irse sections such as a (fig. 81) are invariably to be 
2d, and in such cases we may assume that the 
:ence of the spherulites gives rise to sheets, rather 
rings, the vertical sections through such sheets afford- 
all directions a disposition corresponding with b 
). In some cases, as in the spherulitic obsidian of 
e Rosse in the fig. 82. 

of Lipari, 
olourless rods 
s are seen to 
)een extruded 
1 the cortical 
Df the spheru- 
mds into the 
iding glassy 
(fig. 82), 
are further 
:ments of the 
3ds shown in 
page 184. 

' emergence from the band they are fteqa^TV\\>l\vO^ 





or bent, but not, as a role, in any nautually deEcite 
and in most sections they are seen either 
blindly in rounded ends, or to be cut off oi 

surfaces of tlie preparation. 

Small crj-stals and microliths, as akeady stated, fM 
common occurrence in some obsidians. In many i 
they can be safely identified with recognised minerals, 
assanidine, plagioclase, augite, hornblende, olivine, 
line, zircon, magnesian mica, specular iron, and laa^eaSf 

The felspars occur in smaD prisms. The augite ; 
hornblende exist either as distinct crysfals, similar to 
ordinary forms, or as minute acicular bodies and spit 
forms (' belonites ') which are often bordered by iraperfedlf 
radiate, fibrous or hazy, and almost dendritic tufts, 
cause them somewhat to resemble the fronds of fenis 
Beautiful crystaUites of this description may beseeninsonii 
Fid. 83. of the pilchstones of Airan (fig. 83), an 

have been identified by S. Allpott 
augite. The crystals of oUvine are almj 
of moderate size and no microlitis ( 
this mmeral have as yet been detects 
The occurrence of tourmaline and zi 
has not been definitely determined, 
certain prisms belonging to the hexagoaJ 
or rhombohedral system have been thougli 
to be tourmaline, wliile some tetragon! 
forms are regarded as zircon. 
The magnetite occurs in opaque octahedral crystals 
granules, and the specular iron in little yellowish-red 
orange -coloured hexagonal tabular crystals. Themagnesi 
mica forms small, deep, reddish-brown scales and crysl 
which resemble those of specular iron, but although th< 
show no dichroism when their basal planes coincide wi' 
the planes of section, yet their sections ate -vw^ ^.wciti 
dichrok when cut transversely ot obViqueX-j ^.o ft\t\»s,-«- 
Obsidian occurs on a large scaVe 
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frequently present very rough and jagged surfaces. That 
forming the Rocche Rosse in the island of Lipari is a good 
mple. The accompanying figure of this obsidian stream, 
which has issued from the crater of Campo Bianco, breach- 
, ir\g one side of the crater, and flowing over the while pumiee 
tuffs, of which the cone is composed, is copied by permission 
of Prof J. W. Judd from one of the sketches published 

is ' Contributions to the Study of Volcanoes,' Geological 

;amie. Decade II. Vol. li. No, 2, p, 6C. 

Tic. 83 A. 




I Obsidian at times becomes vesicular. In some of the 
obsidians ofHawaii the vesicles are quite spherical; in others 
they are elongated or othenvise distorted. Occasionally these 
rocks are very finely vesicular, as is the case with some of the 
obsidians of the Lipari Isles, and the vesicles are at times so 
numerous that the rock acquires quite a frothy character, 
and passes into pumice. 

Obsidians occur in districts where trachytic rocks are 
common. 

Pi;mice. 
Pumice is a porous, vesicular glass ; the vesicles being 
frequently elongated, sometimes in a "[QQ^e q\ \e.^ 6k!kks, 
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direction, while at others they anastomose, and give rise 
an irregular network of fibrous, inter vesicular matter. 

Pumice varies considerably in chemical compositit 
the percentage of silica ranging between 57 and 73. T 
alumina varies from 9 to 20 per cent., and the remaind 
consists of lime, magnesia, potash, soda, and peroxide < 
iron. Water is also present The specific gravity of p 
varies from I'g to z'5. 

The fusibility before the blowpipe is greater in sc 
specimens than in others. 

When examined microscopically some piunice app( 
to consist of interiacing or anastomosing vitreous fibres, it 
or no microliths or crystallites being developed ii 
matter. In others microliths and small crystals occur ' 
abundance, and fi-equently show the stream-like dispodtif 
which results from fluxion, or from the drawing out of sn 
portions of viscous lava. The microliths, when they t 
be determined, are found in most instances to be felspau 
both monocliuic and triclinic Magnetite is also ofcammc 



Pumice is developed on the surfaces of obsidian streain 
and in such cases can only be regarded as a highly vesicula 
spongy, or fibrous condition of obsidian. The porphyrit 
development of felspar crystals in pumice begets the rot 
termed trachyte-pumice. Pumice also occurs in the for 
of loose ejected blocks and fragments. These ejectameni 
sometimes constitute volcanic cones. In fig. 83 a the coin 
which is partially broken down by the streain of obsidiai 
consists of pumice fragments. 



Peelite {Ptarlite, Pcarlitone). 

Perlite is sometimes quite glassy in appearance, bm. 
Tiore frequently exhibits a shimmering, pearly, enamel-lilo 
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ir greasy aspect on recently fractured surfaces. The colour 
s mostly pale-greyish, bluish-grey, or yellow-brown. It 
iften appears to consist in great part of spherical or round- 
ish grains, which have a somewhat concentric shaly structure. 

In chemical composition the perlites approximate to 
the quartz- trachytes (the riiyolites proper, or the Uparites of 
Von Richthofen'). They contain from 70 to over 80 per 
cent, of silica. When heated they give off water, the amount 
varying from a to 4 per cent Their hardness is about 6. 

Perlite must be regarded as the vitreous condition of the 
felsitic rhyolites, and, like other vitreous rocks, plays a very 
subordinate part in the constitution of .the hitherto explored 
portions of the earth's crust, when compared with those rocks 
of which it is the vitreous representative. It should, how- 
ever, be borne in mind that the originally vitreous character 
of many eruptive rocks has yet to be discovered, since, 
owing to devitrification, they frequently present appearances 
which, in the absence of microscopic investigation, afford no 
clue to the physical characters which they possessed at the 
time of their eruption. It is indeed more than probable 
that many of the so-called homstones, felstones, and even 
rocks, which were mapped by the older geologists as green- 
stones, are merely rhyolitic rocks in a devitritied condition. 
In this country the researches of Professors Bonney and 
Judd, Mr, AUport, and the author, have already demonstra- 
ted the existence of rocks of a rhyolitic type, of which the 
real characters had previously been overlooked. When 
examined microscopically thin sections of perlite exhibit 
numerous fissures, and between these fissures great numbers 
of somewhat concentric cracks are visible, causbg a sepa- 
ration of the rock into more or less regular spheroids. The 
cracks do not appear to join up in continuous ellipses, but 

' The term liparile has ti«en applied by Roth lo the whole of ihe 
rhyolites. Von Richthofen, however, limits the use of the term lo the 
felsicic rhyolites, or rhyoUtcE proper. 



thin off and at times overlap. They nevertheless form ap 
proximately concentric enveiopes around the spbereidi 
nucleus of glass. It is worthy of remark that these bodio 
are seldom or never traversed by the straight cracks whld 
run in various directions through the rock, but lie belwca 
them, often closely packed, distorted, and apparently com- 
pressed against the planes of the straight fissures. Tliil 
indicates that the straight fissures were formed first and lUt 
the spheroidal or perlitic structure, as it may be tenM^ 
was subsequently developed. 

Streams of microlilhs commonly occur in these nxii 
and they traverse the perlitic bodies without the slighies 
indication of deflection. They have, in fact, been qiul 
uninfluenced in their direction of flow by the minute stnictmi 
planes and elliptical cracks which occur so plentifully in tli 
rock. 

Crystals, both megascopic and microscopic, occur i 
considerable nombers in some perlites. They consist prin 
cipally of sanidine and plagioclastic felspars, magnesial 
mica, magnetite, and occasionally specular iron. The nu 
croscopic inclosures consist mostly of felspar-microlithl 
trichites, and belonites. Spherulitic structures are als 
present at times. 

That the perlitic structure has probably resulted fan 
the development of more or less concentric zones of con 
traction on cooling has been pointed out, both by Professo 
Bonney, and by the author. Perlitic structure bears a somft 
what close relation to the larger spheroidal structure wbid 
is occasionally to be seen in basalt. 

Indications of perlitic structure may be observed in thn 
sections of vitreous rocks other than perlite, and the aulha 
has noted the incipient development of this structure in a] 
Irish tachylyte (Joum. Royal Geological Society, Irelana 
vol. iv., p. 230), thus showing that the structure, althou^ 
cAaracteristic of some hlgWy s,\V\cavei VvaeoM^ TQOts,,\s, w 
exclusively peculiar to them. 
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^L Professor A. von Lasauk points out the fact ' that many 
^■bsulitic rocks were formerly regarded as perlites, but he 
^^h that sphenilitic and perliiic structures are totally diffe- 
^^K-Eincethe latter consist merely of little masses of glass, 
^^^K tiie former are ' crystalline individualisations.' 
^^B^herulites may in fact be regarded as spots of devitrifi- 
^^Ku, while perlitic structure is simply a phase of fission 
^^Btilig from contraction on cooling, the glass included by 
^^^Hiptical fissures in no way differing from the surround- 

^^K^hslone. — The pitchstones may be regarded as vitre- 

^^B conditions of trachyte on the one hand, and, on 

^^■other, of those rocks which range from granites to 

^^^tenes, including the porphyritic varieties of those rocks 

^^K as quartz -porph)Ty, porphyritic felstone, &c. It is 

^^B that pitchstone is not recognised as a vitreous eondi- 

^^Bdf granite, but since passages are known from granite 

^^^; quartz- porphyry, and from quartz-porphyry into fel- 

^^^K it seems that we may fairly be allowed to regard 

^^^Btreous equivalent of the felstones and quartz-porphyries 

^^^Ball events, an indirect vitreous phase of granite, which 

^^^BTs more directly to find its rhyolitic representative in 

^^^toevadites. The pitchstones are classed as trachytic and 

^Hnc. The devitrification of the trachytic pitchstones is 

flrocled by the development of microliths, which for the 

most part consist of sanidine and hornblende, while the 

felsitic pitchstones become devitrified by the setting up of a 

micro- felsi tic or, as v, Lasaubt teems it, a micro -aphani tic 

structure. 

The pitchstones have, as a rule, a perfectly conchoidal 
fracture, sometimes rattier splintery, and a more or less 
greasy semi- vitreous, or pitch-like lustre, whence the name. 
They are mostly blackish -green, dark olive green, or brown. 
OccasJonaUf' they are red or dull yellow. 

^L • £/e^mli diff Pelrpgraphk, p. 223. Bonn, i%l<)- 
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In chemical composition they resemble obsidian, 6 
contain from four to ten per cent, of water. If, howevo 
the water be omitted, and the other constituents brought d 
to 100, the composition of pitchstone may be regarded a 
approximately identical with that of trachyte. The s 
ranges from 63 to 73 per cent., the alumina from 9 I 
13, and the alkalies from 2 to 8 per cent. Before t 
blowjiipe some varieties do not fuse so readily a 
but they all melt either to a frothy glass or to a greenish a I 
greyish enamel, and yield water when heated in a tube. 

The pitchstones have a hardness of 5 to 6, and a specific 
gravity of 2-a to 2-4. They are not acted upon by acids. 

The pitchstones, as already stated, may be divided into 
two groups — the trachytic pitchstones and the felsitic pitch- 
stones. The fonner are related both geologically and in 
mineral constitution to the liparites, while the latter are re- 
lated to the quartz-porphyries and felstones. With regard 
to the trachytic pitchstones, Rosenbusch observes' that no 
sharp line of demarcation can be drawn between them and 
the glass-magma-liparites which contain water. 

Sections of pitchstone, when examined microscopically, 
appear, like other glasses and amorphous substances, dark 
between crossed Nicols. By ordinary illumination they 
appear either as perfectly homogeneous glass containing 
crystals and microliths, or they exhibit streaks of glass of n 
deeper or paler tint than that of the surrounding i 
which in their disposition at once suggest the presence q 
fluxion structure. In the latter cases, as well as 1 
former, crystals are of common occurrence, and microUt 
are usually developed in abundance. 

The crystals are mostly sanidine, hornblende, and n 
netite, but plagioclase is not uncommon. 

The microliths may often be recognised as consisting k 

the above-mentioned minerals, and in some pitchstond 

especially in those from the Isle of Arran, microliths c 

' Mik, Phys, d. Masii^tn CesKinf , ^. \Eki. 




augtte are also plentiful. The pitchstone of Coniegills i 
Arran shows these 
augite micToliths oi 
belonites in great 
profusion, fonning 

re or less stellate 
groups of pale green- 
forms, which 
somewhat resemble 
the fronds of ferns, 

i which have been ' 
admirably figured 
and described by 
Zirkel, AUport, Vo- 
gelsang, and other 
microscopists. Fig. 
84 represents a mag- 
nified section of Arran pitchstone, and is copied, by per- 
mission of Prof. Zirkel, from his ' Mikroskopische Beschaffen- 
heit der Mineralien u. Gesteine.' 

The glass of most pitchstones appears, when light is trans- 
mitted through thin sections, of a jiale yellowish, greenish, or 
brownish tint, but it is scarcely safe to venture a decided 
opinion upon the precise nature of the pigment. Some- 
times, but not in al! cases, there appears to have been 
an abstraction of this pigment from those portions of the 
glassy magma which immediately surround the microliths 
of magnetite and augite, this absorption of pigment pro- ' 
ducing a comparatively clear, colourless ring around these 
bodies. Steam pores, and occasionally spherulitic struc- 
tures, are met with in pitchstones. The microhths in these 
rocks usually lie in streams, which sweep round the larger 
imbedded crystals, and indicate, in a marked manner, the 
originally viscid condition of the matrix in which they occur. 

The felsitic pitchstones bear ranch the same relation 
to the felstones that the trachytic ^vXcVisXci^'ea \Ka5. 'yi ■&<& 
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tntchytesi white ihe porphyritic varieties, termed pitchstous 
j)Ori)hyty, may also be regajded as the vitreous equivalnttci 
quuti-porphyr}-. To these pilchstone porphyries VogelanJ 
has given the name vitrophyre. 

The principal porphyritic crystals in these rocka an 
quaili, sanidine, plagioclase, augite, hornblende, magnetiti; 
and biotite. They also at times contain inclosures of glus 
which are sometimes devitrified by conversion into miaOi 
fetsitic matter.at other times, by the development of miooliihl 

The devitrification of Ihe magma of the felsitic pitth; 
stones is as a rule micro- felsitic, while that of the Irachyll! 
pitchslone is effected by the development of microlithi 
MicToliths, some doubly lefracting and some singly refracT 
ing, occur however in the glasses of nedtly, if not all dife 
rent varieties of pitchstone. Inclosures of fluid, coDtaining 
mobile bubbles, are of rare occurrence in these rocks. 

The devitrification of the poiph>Titic and felsitic pitdt 
stones does not, as a rule, uke place uniformly, but occun 
in a seemingly capricious marmer, often being developed il 
irregularly-distributed and irregularly- shaped patches, some 
times occurring in spots, sometimes in strings, which usualt 
indicate fluxion-structure. Dark granules also occur 11 
these rocks, which possibly represent magnetite, and thes 
granules frequently assume a string-like or banded arrai^ 
ment, while irregular strings or lenticular flecks of include 
glass also denote a former state of fluxion. 

In their most perfectly vitreous conditions it seems ihi 
no sharp line of demarcation can be drawn between th 
different varieties of pitchstone here described, for aldioug 
differences may, and doubtless do exist, still oiu- power o 
appreciating those differences is limited or nil, so long » 
devitrification has not supervened, and so indicated, by ind 
pient crystalline development, the true petrological affioitif 
of the glass. The crystals which occur porphyritically i 
the difleren t varieties afford us a vety TO^eifeM. cVae va-iss 
rdatioD -■■ because they lep^ese^ foi ft« w:^^ 



identical mineral species. The characters of the rocks with 
irfiich ihey are associated, and of which they represent the 
vitreous conditions, give us however a more exact notion of 
the places which they ought to occupy in our classification 
of them. 

Indeed it may not he indiscreet to believe that in many, 
if not in all instances, the crystalline equivalents of these 
vitreous rocks do but represent an advanced phase of 
devitrification, and that all trachytes were once trachytic 
pitchstones, and that all felstones were once felsitic pilch- 
stones, either at the time of or prior to their eruption. 

Tachylyte,- — The rocks included under this name must 
be regarded as vitreous conditions of basic rocks, especially 
of basalts. These glassy basalts are termed basaltvitro- 
phyres by Rosenbusch, and he subdivides them into tachy- 
lyles, or those which are soluble in acids, and hyalomelanes 
or those which are insoluble in acids. The tachylytes occur 
mostly as salbands, or thin crusts at the sides or margins of 
basalt dykes, but the essentially vitreous basic lavas, such as 
those of Kilauea in the Sandwich Islands, which form actual 
flows of considerable magnitude, constitute, as pointed out 
by Cohen, independent rock masses. These Kilauea lavas 
are, as a rule, rich in olivine, and are for the most part 
highly vesicular, Tachylyte also occurs lining or filling 
vesicles or cavities in basalt. The tachylytes are black or 
brown glasses and somewhat resemble obsidian, but when 
struck with the hammer they do not usually afford large 
flakes and extensive conchoidal fractures like obsidian, but 
generally break up into small irregular Augments and splin- 
ters. They also differ from obsidian in point of fusibility 
and chemical composition, tachylyte only contaming from 
50 to 55 per cent, of silica. The remaining constituents are 
alumina, protoxide of iron, sometimes peroxide of iron, lime, 
magnesia, potash, soda, and usually about 6 or 7 per cent, 
of water. From the few analyses of tachylyte which have 
hitherto been made, the composition ap^aia \,q "q^ ■w.&.^s 
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variable, but the percentage of silica is pretty constant. 
Before the blowpipe tachylyte fuses quite easily ' with intu- 
mescence to a dark slaggy glass. It is decomposed with 
gelatinisation in hydrochloric acid. Its hardness is about 
6's, and its specific gravity about I'S. 

Under the microscope tachylytes vary greatly in appear- 
ance, some being comparatively translucent, at all events in 
places, while others are almost wholly opaque, even in ex- 
cessively thin sections. 

TJiis opacity seems in many cases to be due to the pre- 
sence of fine opaque, black, dusty matter which pervades a 
great portion of ABJ 
glass, but 
densely segrej 
around certain spots 
these spots being 
frequendy small ciy. 
stals of magnetite. 
Fig. 85 represi 
part of a section 
tachylyte from 
vena]argy,Co. 
Ireland (m^nifSi 
300 diameters), 
which these dust 
cumulations are 
shown. Where th< 
dust segregations are less dense, the sections often appear of 1 
brownish colour, and this is possibly due to peroxidatii 
the magnetite probably being converted into martite, 
some closely allied mineral. In the clearer portions of 
same section from which fig. 85 was drawn, numerous opaqi 
patches of irregular form are visible (fig. 86, magnified 51 
diameters) ; their boundaries are sharply defined, while tht 



' Whence the n: 
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are bordered by the clear absorption spaces from which the 
dust, so finely dis- 
seminated through 
the other portions of 
the glass, appears to 
have been abstrac- 
ted. At A A in the 
same drawing la- 
cuna of greenish co- 
loured ferruginous 
glass are sbovm, 
which mineralogi- 
cally are possibly 
allied to glauconite. 
At B B B portions of 
fine rod-like bodies 
are delineated, and 
these also contain, or are fringed with, green matter. In 
same places, as in the central part of the figure, a tendency 
to perlitic structure may be detected.' A tachylyte from 
Bobenhausen is described by Vogelsang' as a brownish- 
red glass, containing dark crystallites which are developed 
in fem-like forms, but which in most parts of his drawing 
appear to be slightly -fringed spherical or cniciform bodies, 
or irregular dark patches. He did not regard this substance 
as magnetite, arguing that, when magnified 800 to 1,000 
diameters, the granules constituting the thinner portions and 
edges of these crystallites do not appear opaque like mag- 
netite, but somewhat translucent and of a brownish colour. 
The glass around them appears much clearer and of a yellow 
colour. Vogelsang, Zirkel, and Mohl all concur in regard- 
ing these bodies as similar to those which often occur in 

' Fuller details respecting this rock will be fount! in a paper hy the 
aolhqr ' On Microscopic Structures in Tachylj-te from Slievetialargy, 
Co. Down,' youm. Royal Geol. Soc. Ireland, voL iv. part 4, new series, 
p. 227- 

' Dii Krystallitin. Bonn, 1875, ?. ll\. 
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blast-furnace slags. Both Vogelsang and Zirkel conside 
'these crystallites to consist of ferruginous glass, while Moh 
regards them as magnetite, 

The microscopic characters of several tachylytes are re: 
corded by Zirkel in his ' Untersuchungen iiber die Basalt 
gesteine,' Bonn, 1870, p. 182. In one from Meinzereichen 
in Hesse, he cites the occurrence of fem-hke developraenla 
around a transverse section of an apatite crystal. In a seci 
lion of tachylyte from Some in the Isle of Mull, the wholl 
of the section, although an excessively thin one, appean 
opaque or very feebly translucent on the edges, while e 
bedded in it are minute transparent crystals which frequoillj 
show hexagonal sections, and which are probably apatite. 
Hohl, in his ' Basalte und Phonolithe Sachsens,' DresdeOi 
1873, figures and describes the occurrence of patches of tachy- 
lytic glass in sections of nepheline-basalt, which contain fem- 
like trichites, and occasionally small crystals of nepheline, 
RosenbUsch describes a tachylyte from Czertochin in 
Bohemia, as a greenish-grey glass full of strings of minute 
steam pores which occasionally anastomose. He stales thati 
this rock is very quickly and completely dissolved in hydrc 
chloric acid, without the application of heat' 

^^^^ Granite Group. 

\ Granite. — The granites (from the Latin granum, a grair 

[ are essentially, as their name implies, crystalline-gram 
rocks which may be regarded as consisting typically 
k ' Mii. PAyswg. Min, p, tjg, ft£. i^. 'Swugi.-A, vlsrv 
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eruptive rocks. 
Class II. — Crystalline Rocks. 



►rthoclase, quartz, and mica. Tliere is, however, considerable 
rariadon in the mineral constitution of granites. In some 
Lhe felspathic component is not merely orthoclase ; plagio- 
clastic felspars such as albite and oligoclase being frequently 
present, while the mica, which is usually tnuscovite or biotite, 
may at times be represented by lepidolite, lepidomelane 
other micas. Other minerals, which are not regarded as 
essential constituents of granite, are often present. When 
widely disseminated, these accessory constituents play only 
a very subordinate part ; but, in certain limited areas, they are 
often developed in sufficient quantity to impart a distinctive 
character to the rock. Thus, for example, schorl frequently 
occurs in considerable quantity in granitic masses at or near 
their contact with other rocks, sometimes to such an extent 
that the term schorlaceous granite is applied to the rock. 
Apatite and magnetite are also minerals of common oci 
rence in granites. Epidote and garnets are less common, 
but are often met with. Pyrites is common in many granites, 
and it seems doubtful whether, in some cases, it should be 
regarded as a mineral of secondary origin. Talc, beryl, 
iolite, andaiusite, topaz, cassiterite, and hematite are oc- 
casionally met with in granitic rocks. Hornblende is of 
common occurrence, and, when tolerably plentiful, the rock 
is then termed homblendic or syenitic granite. When quartz 
is absent, or only poorly represented, and the mica is replaced 
by hornblende, the rock is called syenite.' Chlorite, epidote, 
pinite, and several other products of the alteration of other 
minerals, are not of unfrequent occurrence in these rocks. 

Kaolin very commonly occurs in granites, and results 
from the decomposition of the felspars. Graphite is also 
met with at times. 

Granite rocks vary very considerably in texture and ii 
structural characters. 

' It siiould, however, be remarked thai the lenn syenite, as firi 
employed by Pliny, and us used in most geological works, until nilhi 
the last few years, implied hornblendic granite, such as thai whith 
COE3CS bom the quHTrfes of Sjene in Egypt. 
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The granites, as a nile, are either coarsely or final 
crystalline-granular in texture, and, when very fine-grainet 
and the mica is only poorly represented, or totally absem 
pass into felstones of variable texture.' The granitic rocto 
are frequently porphyritic. Crystals of orthoctase seven 
inches in length being of common occurrence in some, -vV 
in others, the mica {usually muscovite) forms, by its o 
spiciLous development, the dominant mineral. When n 
is scarce, and the rock assumes a felsitic character, il 
common to find either orthoclase or quartz porphyritical^ 
developed. In the former case the rock would be styled* 
felspar porphyry, in the latter a quartz-porphjTy, or elvan.' 

In tnie granites no micro-crj-stalline or amorphous past* 
is visible between the crystals and crystalline grains a 
which the rock is composed. Of these component mineral 
orthoclase is generally the most plentiful ; next folk 
quartz, and then mica, in the usual, but not tjie invariabl 
order of quantitative importance. In their order of solid 
fication, or crystallisation, quartz appears to come " 
although it sometimes occurs in hexagonal pyramids or 
combinations of the pyramid and prism, still its developmei 
as a rule, seems to have been imperfect, and to have result^ 
mainly in irregularly shaped, angular, crystalline gr^s. 1 
orthoclase in granites varies in colour. In some it is r 
often of a flesh-red or pink tint, in others white, grey, i 
yellowish. It very commonly occurs in Carlsbad twitii 
The crystals are often several inches in length, as in sonM 
of the Dartmoor granites. 

When granites are weathered, the felspar crystals 31 
converted into kaolin and the rock in course of titiM 
crumbles away. The kaolin or china-clay which remain 

' Fdsilic matter, which constitutes the chief bulk of felstones, is 
very finely cryatalline-gtanular, or micro- crystalline, or crypta-crysU 
line, admistnre of orthoclase anil fjuarti. 

" Eivan is a Cornish name, and Is commonly applied by the Comil 
miners to most or the dykes which occur in that county, irrttpective ( 
fAe/r miiietal constitution. The term \ia£,^-Mci«,«S Visa Y»rali«) 
testriclsd to quarti-porphyries. 
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ifter the disintegration of granite frequently contains a large 
proportion of quartz grains, and this decomposed rock is 
known as china-stone. 

The crystals of orthocJase are not always well developed 
in granites ; they sometimes have very irregular contours, 
and occasionally their angles are rounded. Under the 
microscope they frequently present a more or less turbid 
appearance, and this greatly increases in proportion to the 
stage of decomposition at which the rock has arrived, 
until they ultimately become completely kaolinised and 
opaque. They occasionally, but rarely, contain fiuid 
lacunK. Plagioclastic felspars, either albite or oligoclase, 
re of frequent occurrence in granites. They usually occur 
n smaller crystals than the orthoclase. Under the micro- 
scope they exhibit, when fresh, the characteristic twinning 
of plagioclase, but, as decomposition advances, a granulated 
structure also supervenes, which obliterates this distinctive 
structure, and renders it impossible to determine whether 
they were originally monoclinic or triclinic felspars. 

The quartz, as already stated, sometimes occurs in well- 
developed crystals, and sometimes in angular, crystalline 
grains. The former often exhibit a polysynthetic structure 
when examined in polarised light. Under the microscope, in 
thin sections, they appear quite glassy and clear, and are 

n to contain numerous fluid lacunte, which are often so 
plentiful, as to impart an almost turbid appearance to the 
crystal or granule. The contained fluid is generally water 
or aqueous solutions of chlorides and sulphates of sodium, 
potassium, and calcium. Apatite crystals are also frequently 
visible in the quartz of granite. The micas in thin sections 
of granite appear either in well defined crystals, which, 
when the section is taken parallel to their basal planes, 
appear as six-sided tables, or in scales of irreguia. form. 
The potash micas appear clear and nearly colourless, while 
the magnesian micas are dark reddish-brown or black, and 
the latter show strong dichroism, when the ijlanes of section 
|( coincide with the basal planes o^ fcfe crj^'uis^ 
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When schorl occurs in granites it may usually be rec 
nised l>y the strong bluish tint which it here and there sho 
when examined under the microscope by ordinary transn 
ted light, and also by the approximately triangular traasi'en 
sections which the crystals frequently exhibit. 

When in thin sections of granite, magnetite and pyrites ai 
present, they both appear opaque, and, to distinguisJi betwee 
them, it is necessary to examine them by reflected 1 
when their differences of colour and lustre become appaieil 

With regard to the origin of granite, there has been con 
siderable discussion, in which most antagonisric opinloi 
have been brought forward ; theories of its igneous, aquec 
and metamorphic origin having all been strongly advocate 
Its eruptive character is inferred from the granite i 
which in certain loralities traverse older rocks in a. 
irregular manner, while the dykes of quartz- porphyry n 
often emanate from, and can be traced to underlying granili 
masses, and are, indeed, mere differentiations of granit 
afford additional proofs of its eruptive character. 

According to Hermann Credner, however, the mini 
matter of the granitic veins in Saxony is not derived fi 
deep sources, but from the partial decomposition of 
adjacent rocks by the infiltration of water, and he obsei 
that the mineral characters of the veins are influenced b 
those of the rocks which they traverse,' 

With regard to the larger bosses and the huge graniti 
masses, from which such dykes and veins are given o 
can scarcely deny to the parent masses the origin whit 
must be attributed to their offshoots, hut, in the absence o 
such veins and dykes, it is easy to understand how, i 
considerable show of reason, a metamorphic origin may b 
assigned to those masses which, though once deep-S' 
are now exposed by the denudation of enormous thickness* 
of once overlying rock, and the question rather natural] 
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arises whether they have not resulted from the metamor- 
phism of sedimentary deposits, once so far beneath ihe 
earth's surface thai they lay within a zone of comparatively 
high temperature. Admitting this, it seems that we are ad- 
mitting no more than the conditions, or phases of the condi- 
tioDS, under which all eruptive rocks have been fonned, and 
which are, therefore, just as fiilly entitled to the appellation 
of metamorphic rocks. That the passage sometimes observed 
from granite into gneiss is a proof that granite is the extreme 
phase of the metamorphisra of sedimentary rocks does not 
always appear to be conclusive, since instances are known in 
■which foliation is not indicative of bedding, and a few cases 
are recorded in which gneiss actually occurs in veins. In 
the present conflicting state of opinion upon this subject it 
behoves examination candidates to accept and cite the 
different opinions commonly held and set forth in the 
various manuals of geology. The student may afterwards 
judge of their respective merits from his own observations. 

One of the arguments against the igneous origin of 
granite is that in granite the quartz has a specific gravity of 
2-6, identical with that of silica derived from aqueous solit 
tion, while the specific gravity of fused silica is only 22. 

This observation, in conjunction with many others, 
appears to have influenced to some extent the deductions of 
Professor Haughton, in his annual address to the Geological 
Societ)- of Dublin in i86a. After giving a table of the 
relative specific gravities of natural and artificially fiised 
rocks, he concludes in the following words : — 

'It appears to me that the column of differences' fin 
the specific gravities of natural and artificial ly-ftised rocks) 
' greatly strengthens the ailment of those chemists and 
geologists who believe that water played a much more im- 
portant part in the formation of granites and traps than it has 
done in the production of trachytes, basalts, and lavas, and that 
they owe their relatively high specific gravity to its agency.' 

' The only manner in which it seems possible to TecQtv'd'.^ 
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the opposite theories of the origin of granite, derived fro 
physical and chemical arguraeots, is to admit for ( 
what may be called hydro -metamorphic origin, which is t 
converse of what is commonly called metamorphic 
but which might more properly be designated pyro-metanK 
phic action. The metamorphism of rocks might thus t 
assumed to be twofold. Hydro-met am orph ism, by whi 
rocks, originally fused, and when in liquid ftisioo, pour 
into veins and dykes in pre-existing rocks, are subsequent 
altered in specific gravity and arrangement of minerals, I 
the action of water acting at temperatures which, thoi^ 
still high, would he quite inadequate to fuse the rock ; 
pyro- metamorphism, by which rocks originally stratified I 
mechanical deposition from water, come to be subsequent 
acted on by heat, and so transformed into what are coi 
monly called the metamorphic rocks.' 

' Granite, it appears to me, although generally a hydi 
metamorphic rock, may occasionally be the result of pyr 
metamorphic action ; and such appears to have been i 
origin in Donegal, in Norway, and, perhaps, in the chain 
the Swiss Alps.' ' 

This may be a very just opinion, especially if Profess 
Haughton does not imply, in his pyro -metamorphic actio 
the total exclusion of water from any participation in I" 
changes effected. The two conditions of metamorphia 
which he indicates, most likely represent; in the hyt" 
metamorphism, the presence of a large proportion of w 
and a moderately high temperature ; in the pyro-meta; 
phism, a comparatively small portion of water and a mu( 
higher temperature. Such at least is a probable constnictit 
to put upon these conclusions ; but, so far as metamorphi 
in its vulgar acceptation is concerned, there seems no rt 
apart from the distinctions just given, for regarding grani 

' ' On the Origin of Granite," an address delivered before flie Ge 
logical Society of Dublin, by the Rev. Samuel Haughton, F.R.I 
Dablin, 1862. 
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a rnetamorphir. rock any more than basalt or trachyte, 

"wliich have, in a certain sense, resulted from the extreme 

alteration of other rocks. The cr}'stalline schists, gneiss, 

&C-, are but phases of the conversion of sediments into true 

eruptive rocks ; and, if the degree of alteration be pat out 

of the question, the crystalline schists, the plutonic rocks, 

and the volcanic rocks, all seem equally eligible for the term 

metamorphic. In questions of metamorphism, it appears 

that the nature of the change is the first thing to consider ; 

its cause^ the next; its degree, the last^ 

The different varieties of granite and of granitoid rocks 
may be summed up under the following heads : — 

JPorphyritic granite^ in which the felspar crystals are 
large and well developed, being frequently several inches in 
diameter, as in those of Cornwall, Dartmoor, Shap, &c. 

Various grades of texture occur between these granites 
and those which are termed fine-grained. When of the 
latter character, they pass into fnicaceotis felstones, 

Felstone (eurite,^ hallefiinta, petrosilex), consists of felsitic 
matter, (viz., an intimate granular-crystalline, micro-crystal- 
line, or crypto-crystalline, admixture of orthoclase and 
quartz, in which crystalline granules of plagioclastic felspars 
not unfrequently occur.) In this felsitic base, which, typi- 
cally, constitutes the matrix of all felstones, felspar cr) stals, 
commonly orthoclase, are often developed ; and, like those 
in the porphyritic granites, are frequently twinned on the 
Carlsbad type. Such rocks are X^voi^dL felspar porphyries. 

* The less the unqualified term metamorphism is used, the better ; 
since it merely implies change, without specifying the nature or extent 
of the change or the conditions under which the change took place. 

* The terms Felstone and Eurite are frequently used synonymously ; 
but eurite is stated by some authors to be more easiy fusible than 
orthoclase, while the eiirite sursUide of Cordier is more difficultly 
fusible. The name Eurite is due to d'Aubuisson. Kinahan's definition 
of eurite, as a basic felstone {Handy- Book of Rock-Navies, p. 48), might 
lead the unwary to regard it as a rock containing less than 60 per cent, 
of silica, but he is probably, to some extent, right in keeping the dis- 
tinction between eurite and felstone, althow^k aX \.ys\^?» \q<lVs» c^ *&». 
intermediate character are met with. 
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If, in such a felsitic matrix quartz occurs porplijiiticallj' 
either in crystals, but more usually in roundish blebs, the 
rock is termed quart%-porphyry ; but it is common to find 
porphyritic orthoclase crystals also developed in quartz- 
porphyries. It seems, however, probable that the ground- 
mass of tme quartz-porphyries should, in many cases, rather 
be regarded as a very fine-grained or micro -crystalline granite- 
Rocks of this class are called elvans by the Cornish miners, 
and, indeed, in that district, the term elvan is very loosely 
applied. As, however, the dyke-forming rocks of Cornwall 
are mostly offshoots from the granitic masses of that district, 
the term elvan has for the most part been applied lo more 
or less fine-grained or porphyritic granitoid rocks, and it is 
now, as a rule, regarded as a synonym for quartz- porphyry, 
or, as some authors term it, quartz- fel site. 

Granitite is a term given to those varieties of granite 
which contain a cei tain amount of plagioclase (oligoclase). 
The orthoclase, in the rock to which this name has 
been applied, is flesh-red, and this mineral and quatte 
the two principal constituents. The mica is a blackialt»' 
green magnesian mica, but it is usually present only in smdt 
quantity. 

Since plagioclastic felspars e.vist, though in a subordinaie 
capacity, in many granites, it seems that no line of demarca- 
lion can be drawn between them and the granitites. 

Cordierite-grainte is a variety occurring in certain li 
in Norway, Greenland, and Bavaria. It is characterised 
containing cordierite or iolite; this mineral jjartially, 
sometimes wholly, replacing the mica, A greenish olig( 
is often present in the rock. 

LuxullianiU is composed of schorl, flesh-coloured ortI» 
clase and quartz. The schorl, which is black, or 
black, is distributed in irregular nests or patches, 
contrasts strongly in colour with the other constitui 
of the rock. Boulders of this stone occur in the m 
boiwhood of Luxulliaiij in ConwjaW. ■, wcA xlcut \aij& Qi 
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of Wellington's sarcophagus was made from one of them. 
The rock has not, however, been met with in silu. 

In a paper by Professor Bonney, published in No. 7 of 
the ' Mineral ogical Magazine,' 1877, two varieties of tourma- 
line are stated to occur in this rock, and some evidence is 
adduced to show that this mineral is a product of alteration. 

Aplite or HapUU (from SttXihh-, simple), also termed 
semi-granite {Halb-granii) or granitell, is a rock of limited 
occurrence, consisting of a crystalline- granular admixture 
of felspar and quartz. The so-called graphic-granite or 
pegmatite is a structural variety of this rock, in which the 
quartz is developed in such a manner that it ronghly 
resembles Hebrew characters, a polished surface of the rock 
appearing closely inscribed, whence the name 'graphic' 

GranulUt (Weiss-stein or leptinite) is also composed of 
felspar and quartz, the felspar being orthoclase or microcline. 
It is more or less finely crystal line- granular, and frequendy 
has a foliated or schistose character. It generally con- 
tains garnets, which, under the microscope, appear as little 
irregular, roundish, singly refracting grains, like drops of 
gum. Mr. John Arthur Phillips has observed double 
refraction in the garnets of some granulites. 

This rock, in its schistose structure and mode of 
occurrence, seems to bear much the same relation to felstone 
that gneiss bears to granite, and it may therefore be classed 
with the metamorphic rocks. It often contains schorl and 
hornblende microliths, and occasionally sphene. The 
variety called trap-granulite contains plagioclastic felspars, 
and is somewhat poorer in silica. 

Creisen (Zwitter^ Stockwerks-porphyr) is a granular- 
crystalline rock, consisting of quartz and mica, the latter 
usually lithia-mica. Quartz is, however, the predominating 
constituent When orthoclase occurs in it the rock passes 
into granite. Tinstone (cassiterite) is very commonly met 
with in greisen, either in small strings and veins, or in httle 



312 Dest 

crj'stais or granuies. It is a rock of common occurrence 
m Sasony and Cornwall.' 

Gnais.—Th\% term, in its proper sense, signifies foliateii 
granite ; but foliated rocks, consisting to a very great esttnt 
of hornblende and quartz, have also been styled gneiss, 
although they should rather be termed schistose araphibolita 
Indeed, the name seems to have been somewhat looselj 
applied to foliated crystalline rocks of variable cnineial 
constitution. 

True gneiss differs in no way from granite, escept 
structurally. A foliated simcture is its essential peculiaiiiy. 
It is sometimes interbedded with other rocks, and frequent!)' 
exhibits stratification, which is often but not invariiblj 
coincident with the foliation. Darwin has shown that, in 
the gneiss of the Andes, the planes of foliation coindde 
with planes of cleavage. Sir R. I. Murchison pointed out 
that the foliation in some of the Scotch Silurian rocks cor- 
responds with the planes of bedding ; and similar observa- 
tions have been made in Anglesey, by Professor Hens)o«i. 
while, according to Professor Ramsay, and a host of othrf 
observers, the coincidence of foliation with bedding is of' 
extremely common occurrence. To crystalline rocks, ffhirfl 
exhibit this structure, the adjective gneissic is applied, a good 
practice, when the rock deviates in mineral composition (rom 
a true granite. 

Gneiss has been split up into numerous varieties, whidli 
in the main, are identical in mineral constitution with lh6 
corresponding varieties of granite. Thus we have, in adfr 
tion to ordinary gneiss, oligoclase gneiss, a foliated rock 
corresponding with oligoclase granite, dichroite gneiss 
adularia gneiss, garnet gneiss, syenitic gneiss, &c., &c 

Protogine is a gneiss in which, in addition to the orioaff 
constituents of granite, a greenish, pearly, or silveiy talcos^ 



mineral is present The rock, when not foliated, is termed 
protogine granite, 

Comuh'anite (proteolite) is a compact granular-scaly con- 
dition of gneiss, which is met with, at times, at the contact 
of granites with slates. 

The accessory mineral constituents which occur in 
gneiss are very numerous, and are similar to those which 
occur as accessories in granites. 

Those rocks which in mineral constitution and in struc- 
ture more or less resemble granites, are spoken of as granitoid 
rocks. They range from the coarsely crystalline to the 
micro- crystalline or crystalline-granular varieties. 

Many of them have a felsitic matrix, their distinctive 
characters being due to the larger, or porphyritic, develop- 
ment of one or more of their mineral constituents. 

The felsitic matrix of these rocks consists of an intimate 
micro- crystalline, or granular admixture of felspar (mostly 
orthoclase) and quartz. 

The following table might be greatly extended so as to 
embrace all the chief rocks, both basic and highly silicated. 
Thus, for instance, if plagioclastic felspar were substituted 
for orthoclase, then syenite would become diorite. The 
student, by constructing such tables, may thus, as his 
knowledge increases, see how far the classification of rocks 
is useful, and how they gradually pass from one type to 
another. 

Gneiss, granulite, and several other jocks, have been 
described in this place because they are closely related to 
granite in mineral constitution ; but they should, perhaps, 
in most cases, rather be classed with the metamorphosed 
sedimentary rocks. 
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Felstone Group. 



JT Fflslone (eurite, petrosUex, halleflinte, felsite),— Pel' 
atone is a more or less compact rock, those varieties term 
halleflinte and homstone having a peculiarly flinty asptcl 
while, in other cases, the rock is either finely ciystaUlat* 
granular or granular, sometimes porphyritic, often n ' 
porphyritic. In colour felstone varies very greatly — brio 
red, brown, grey, yellowish, and greyish-white tints bdl 
the most common. Many varieties have a more or U 
conchoidal fracture, and all of them, before the blowpipf 
are fusible on the edges of splinters to a white or specUW 
enamel. The eurites proper are more easily fusible tiuB 
the felstones or eurites sursUicks of Cordier. In the c 
pact and in the non-porphyritic examples no definite mine' 
rals can be detected with the naked eye or with a lens, vA 
the same may be said of the matrix in which poiphyriW 
crj-stals occur. Sometimes, but not commonly, theypresetf 
an imperfect schistose structure, as in the varieties tenfls' 
/e/sjte schist They differ coTvs\de-c3\>\v w cVctovq^ c 
sitioa, the amount of silica wK^c-h \he'j cot.w.«. N^^vKfe-a 
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about 70 to 80 per cent., and they frequentlj' have aboutJ 
per cenL of the alkalies. Under the microscope they ar? 
also seen to vary greatly in character. Sometimes they show 
a micro-crystalline structure, in which, by polarised light, ihe 
section breaks up into a many -coloured mos 
individual granules may be distinguished and identified, 
some of them as felspars, others as quartz, in others there is a 
somewhat similar but less defined structure, cr>'pto-crystaUinc, 
in which individual minerals cannot be recognised. In some 
rare cases a considerable amount of true vitreous matter may 
be detected, lying between the micro- crystal line or granular 
component particles, or constituting the entire paste. More 
frequently the rock is wholly micro-crystalline or niicro- 
felsitic- In the latter case between crossed Nicols the sub- 
stance behaves as an amorphous mass. In this case ihe 
structure may be granular, fibrous, or microlitic, the granular 
and fibrous structure seldom presenting any definite character 
or individualisation of the constituent granules and fibres. 
Sections of such a rock do not however always present totalj 
obscurity between crossed Nicols, but transmit a feeble I^Ht^ 
in an irregular and fickle manner, as regards its distrtbutio 
Sections of felstone occasionally present a radial-fibra 
structure imder the microscope ; these constitute the varietS 
known as s|)herulitic felsite. Fluxion-structure is 
to be observed in felstones. It is probable, however, tlu 
many of the felsitic rocks which show this are more < 
less closely allied to the rhyolites. It is quite possible tha 
in many cases the micro -crystalline or micro- granular stn 
ture of felstones simply represents the devitrification of a 
originally glassy magma, but, as remarked by A. 
I^saulx, the felsite pilchstones frequently fail to preseot ^ 
microscopic structure so characteristic of felstones. 
nevertheless far from uncommon to find small i^atches j 
sections of pitchstones and oftvei 'jWifeow!! Todt^ '■wv 
devitrification has resu\ted m ft^e pToi^cwoQ 
smii/jgjy analogous, if not idenU'^, '"^^^ -eca-X cfi. ^i 
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!omb!ende, micas, sometimes potash, sometimes magnesian. 
agnetite, tilaniferous iron, &c, are met with in felstones 
ITS aie, also, often porphyriticaily developed, and the 
tok then becomes porphyrilic felstone or felspar porphjTy. 
tuartz also occurs porphyriticaily at times, either in crystals, 
roundish grains ; the rock then becoming a (juartz- 
orphyry or elvanite. 

Indeed, passages may occur from felstone into granite, 
yenite, and various rhyolites, Felstone is generally more 
■s porphyritic, and occurs in dykes, veins and inter- 
>edded sheets. 

Syenite Groui=. 
Syenite, in the acceptation of the term, as first em- 
^ed by Wemer,' is a crystalline -granular rock, con- 
laining from 55 to 60 per cenL of silica, and consisting 
^ically of orthoclase and hornblende. In mineral consti- 
tution, therefore, it approximates to some of (he trachytes. 
Sometimes the felspar is microcline, and plagioclastic felspars 
nearly always present. Sometimes augite or mica take 
fhe place of the hornblende, and occasionally the rock con- 
■ains more or less sphene and quartz. 

The syenites may therefore be divided into three groups, 
'^f hornblende syenite, aiigite syenite, and mica syenite. 
"hen quartz is present in any notable quantity the rock 
13 over to quartz syenite, and thence, when mica occurs, 
*to syenitic granite. 

JIgmbletide ^enite. — Orthoclase and hornblende are the 
"lef constituents. Triclinic felspar is usually present in 

' For jnaoy years it has been n common practice td apply the name 
'ilite [o syenilic or homblendic granite. Al limes Ihere Itaa been 
-ksidecable diOerence of opinion about the application of the name. 
Met was first used by Pljoy {Symfes) for the rock quarried at Syene 
■^^[toL The stone occurring at that locality is hornblendic 
!^%blendic granite seems, therefore, to have a. decided '(I 
'•ttj to the name Sycoiie, bul peliolopsts Yia\e fcimS \\ qj 
*Wnc/ iis appUcatioa lo quartzless idc\;s, aiic^ t- '' 
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variable quantity ; it may generally be referred to oligoclase, 
but the amount is as a rule comparatively small. The coloui 
of the rock mostly depends upon the colour of the orthoclasd 
which varies considerably, red, brown, and white being tfii 
prevailing colours. The orthoclase crystals are frequentl] 
twinned on the Carlsbad type. The hornblende is usuaJl] 
greenish -black, and tlie crystals are generally, but no 
invariably, short ; long bladcd or acicular crystals sometime 
occurring. The mica is a dark magnesian mica, commonl; 
biotite. Epidote, magnetite, sphene, and pyrites frequent^ 
occur as accessories in this rock. 

In stmcture the syenites as a rule greatly resembli 
granites, and they also occur in large eruptive masses, 
bosses, or veins. The gneissic syenite sometimes occnni 
in considerable beds, especially in the Laurentian SCTie 
of Canada. The foliated rock of Cape Wrath in Suthn 
landshire, Scotland, is rather amphibolite schist than g 
and some of the so-called gneiss of the Hebrides may i 
be referred to homblendic schists. 

Aiigite Syenite is composed of felspars, which, as a i 
are mostly orthoclastic, but the plagioclastic ones < 
sionally, though rarely, predominate. Augite is frequentl 
plentifiil, and sometimes a little hornblende occurs, whict 
as pointed out by A. von Lasaulx, is generally of a uraljti 
character, implying subsequent alteration of some of th 
p5T0xenic constituents. Biotite, apatite, magnetite, 
sphene are also of common occurrence as accessories in th 
composition of augite syenite. According to V. Lasaub 
sphene is less plentiful in iho.=e varieties in which orthodas 
is the predominant felspar. Analyses show that the augiti 
syenites contain one or two per cenL less of silica than t" 
hornblende syenites. 

Mica Syenite is by no means a common rock, Calabria 

being almost the only district in which it is met with to any 

considerable extent. It occurs mostly in the form of veins 

kor dykes. The rock consists rf OTX^iodaaa, ^aHift\.\m.ea 
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■ more or less plagioclastic felspar, biaxial magnesiar mica 
T hornblende, occasionally some augite, which is often altera 
f into pseudomoTphs of chlorite or delessite, as in the minette 
of Seifersdorf in Saxony, while apatite, cakite, magnetite, and 
pyrites are also of common occurrence in these rocks ; but,' 
as a rule, sphene is never met with in mica syenite. The' 
calcite and pyrites are products of secondary origin. 

According to Rosenbusch,' Zirkel, and other petrologists^' 
mica syenite and minette are intimately related if noP 
identical. The former author also points out that some, 
minettes are to be referred to the augite syenites. 

MinelU. — ^The matrix or paste of minette appears, mider 
the microscope, as granular or granular-crystalline matter, 
in which microlilhs frequently occm-; the latter according tO> 
A. von Lasaulx, who classes minette with the felstone^ ' 
consist of felspar and mica, and the preponderance of evi- 
dence shows that quartz is an exceptional constituent of the 
rock. Under these circumstances the matrix can hardly 
be designated felsitic, and upon this ground hinges the 
question whether minette should be classed with the sye- ; 
nites or with the porphyritic felstones and granites. If the'.' 
absence. of free silica in the matrix be proved, it is evident' _ 
that the affinities of minette are closer to syenite than to 
granite, but minette occurs in veins and dykes in both rf 
these rocks, and dykes of it are also met with in sedimentary 
deposits of Silurian and Devonian age. It seems in manj' 
cases that micaceous felstones approximate rather closely toi 
minette. Kengott appears to entertain some such idea in 
his ' Elemente der Petrographie.' V. Cotta's definition of 
minette is ' a felsitic matrix containing much mica and 
sometimes distinct crystals of orthoclase or hornblende.' 
The true difficulty seems to lie in the imperfect knowledge 
which we as yet possess of what a felsitic matrix really is. 
If quartz be excluded from such a matrix, and it is generally 
stated that minette seldom contains that mineral, then 
' Mik. Pkyi. d. Afojj. C(S(.,V- '^'"- 
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minette is a mica-syenite with a micro -granular or mi( 
crj'stalline matrix ; if^ on the other hand, quarte be 
rainette may be closely allied to the felstooes, m 
felslone forming a transitional linL It is possible thai 
conditions occur, and, if so, it may become necessary to el 
sify the minettes. In some of the mica-traps of tlie English 
Lake District the author has found both orthoclastic and 
plagioclastic felspars which, in addition to the magnesian mica, 
occur in well-marked crystals. In such cases the rock appears 
tohold a position intermcdii^te between mineitc and kersantite. 

If minette represent a condition of the syenites which 
are rich in orthoclase, then kersantlte is allied to those which 
are rich in plagioclastic felspars, and, in such instances, il 
may be questioned whether the affinities of kersantite arc 
not more in the direction of diorite, especially of tiie mica- 
ceous varieties of that rock. 

Speaking approximately, minette is a rock which contains 
magnesian-miCa and sometimes hornblende crystals in a 
micro- granular or micro-crystalline matrix in which felspar 
crj-stals, mostly orthoclase, are porphjTilically developetl, 
while kersantite is a somewhat similar rock in which the 
felspathic components are mainly plagioclastic. 

Both minette and kersantite occur, as a rule, in dykes. 
They are included under the old term Mica Trap, 

E. von Cotta in his remarks on syenite says : ' Pro[;erly 
speaking there are no varieties of composition to adduce, 
unless we consider as such those transitions into granite 
and diorite which are occasioned by the occurrence of mica, 
quartz, and oiigoclase.'' 

This seems a very just generalisation, implying a sharp 
definition of syenite. If the term be allowed the wide scope 
which some petrologists accord to it, we might as well term 
mica-basalt a mica-diorite. That instances may be found of 
rocks, which, in mineral constitution, form connecting links 

' Rxh Classified and Described. B. von Colli. Eiig. Irans. 1866, 
^79- 
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xtween very many, if not all, of the eruptive rocks there is 
30 doubt, but sharp, or moderately sharp, definitions con- 
stitute the basis of all classification, and, if these be aban- 
36ned, petrological nomenclatiure, as it exists at present, 
becomes almost worthless. 

A good account of the minettes, kersantite, and kersan- 
ton, by Delesse, will be found in voL x. of the * Annales des 
Nines,' for 1857. 

Trachyte Group 

Trachyte, — ^The rocks which have been included under 
this name are exceedingly numerous, and the term in its 
present acceptation has still a very wide range. The usual 
constituents of trachyte are sanidine, oligoclase, hornblende, 
sometimes augite, magnesian mica, magnetite, titaniferous- 
iion, tridymite, and at times some other minerals, such as 
sodalite, hauyne, nosean, sphene, mellilite, leucite, and oli- 
vine, which may, for the most part, be regarded as accessories. 
Plagioclastic felspar is generally associated to a greater or 
less extent with the sanidine in these rocks ; hence Rosen- 
busch,* Zirkel,^ and Von Lasaulx^ consider that their division 
into sanidine trachytes and sanidine-oligoclase trachytes 
is of little or no account. The first author suggests that 
they may eventually be classified by determinations of the 
presence or absence of tridymite, and he thinks it probable 
that, by noting the relative occurrence of hornblende, augite, 
and magnesian mica, the trachytes may be arranged in a 
series homotaxial with that into which the syenites have been 
divided. The sodalite-, hauyne-, and nosean-bearing trachytes 
appear to some extent to be analogous to the phonolites. 

The more highly-silicated trachytes are comprised in the 
group of rhyoHtes, and, in part at least, constitute the rhyo- 
^ proper, whose vitreous condition is met with in obsidian, 
&^> as already pointed out The name trachyte is derived 

' Afz'^. /'Ays. //. Massigen Gesteine^ 1^7 7 » V* ^*^» 
' Af£^, BescA. d. Min, u, Gest, 1873, p. -^t. 
' £Jhn, d, Feirographie^ 1^75, p. 278. 



222 Descriptive Pkrohgy. 

from rpoxuc (rough), in allusion to the rough, scraping 
sation which the surfaces of these rocks usually Coo< 
when rubbed with the fingers. 

Geologically, the trachytes have been divided 
trachytes and trachytlc lavas, but the characters, even 
croscopic, of the one, have not been found to differ from 
those of the other. The trachytes proper axe mostly rf 
tertiary or post-tertiary age. Some rhyolites are coeval 
them, while others have a great geological antiquity 
as yet, comparatively little is known of these old rhyol 

The trachytes may be conveniently classified in 
following manner ; — 
Rhyolites proper j i. Quartz-trachytes allied toperUtea 

ir lipatiies' ( ii. Sanidine-trachytes obsidian, 

alliedtosyenitea 

the quartz] e 
■ phyries, such as 
porphyritic ■ (d- 
sione, &c. 

Analyses of these rocks show the following approximate 
variations of the amount of silica which they respectively 
contain. 

Quartz-trachyte or quarti-rhyolite 75 to ^^ per cent. sili< 

Sanidine-trachyle or sanidine-rhyolite 74 to 78 „ „ 

Quartiless trachyte or trachyte proper 62 to 64 „ „ 

From this it will be seen that, although in some of d 
sanidine trachytes little or no quartz can be recognised, ev( 
microscopically, yet they contain a considerably higher p« 
centage of silica than the trachytes proper. , 

It will be well to begin, in each case, with a brief sta^ 
ment of the microscopic characters of the ground-mass, baa 
or matrix of each of these three types, since the megascop^^ 
appearance of these ground-masses affords little or noinsig 
as to their mineral constitution or structural peculiaritie 
, ' The term lithoidile has also tccn d,vv'^=^ '^ ■Otaae iwjta. 
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rhile, without a tolerably precise knowledge of these charac- 
STS, it is often difficult to discriminate correctly between the 
lifferent types. 

Quartz-Tkachyte {Quartz-rhyolitc, Liparite). 

The matrix is generally micro-aphanitic, and contains 
moderate-sized grains of quartz. The red varieties contain 
lore or less peroxide of iron, in a finely- divided state, or 
in thin films. A micro- crystalline-granular or micro-granitic 
condition is less common in the matrices of quartz-trachytes 
than in those of quartz- porphyries, but nevertheless it is 
often present. The matrix of quartz -trachytes appears, to the 
naked eye, as a compact, or very finely -granular, substance, 
often rough and porous ; it sometimes resembles hornstone, 
or porcellanite, while, at others, it has a dull, earthy or kao- 
llnised appearance. It varies considerably in colour, brick- 
red, reddish-grey and yellowish- and brownish-white being 
some of the most common. The principal bodies porphy- 
ritically developed in this matrix are crystals and cryst^line 
granules of sanidine and quartz, while plagioclastic felspars, 
horablende, and magnesian mica (biotite) are often also well 
developed. 

The sanidine crystals in the quartz-trachytes very fi'e- 
quently show twinning on the Carlsbad type. These crystals 
often appear much fissured and fractured. Under the 
microscope they frequently exhibit a zoned structure indica- 
tive of successive stages of accretion, and they often show 
numerous inclosures of glass, gas and steam pores, well 
developed crystals of quartz, and micioliths of various kinds. 
Plagioclastic felspars, although frequently present, occur, 
as a rule, only very sparsely in the quartz-rhyoUtes, and are 
often so altered that the characteristic twin lamellEe are 
scarcely, if at all, perceptible, since they are sometimes 
completely converted into kaolin. 

The quartz occurs both in roundish grains and in definite 
crystals, These contain inclosuies ot ^las, -w^wii. ax^ 'A«s\ 



bounded by planes, corresponding lo those of di-hexaiiedn 
crystals of quartz. Fluid lacunje are not yet known lo oca 
in the quartz of quartz- rhyoliEes, except in two or tin 

This genera! absence of fluid lacutiK distinguishes ll 
quartz of these rocks from that of granite in which fli4 
inclosures are so coinnion. 

A little biotite frequendy occurs in the quartz-trachjte 
Hornblende is seldom plentifid. Tridymite and garnets aJ 
occasionally met with, but neither of these minerals X 
common accessories. Magnetite is generally present, bi 
only in small qiiantit)'. Hard, vesicular varieties of quart 
trachyte occur in some localities, and are known by tl 
name millstone-porphyry. The vesicles are often lined wil 
chalcedony or quartz. Nodules or balls of chalcedony an 
opal are met with in the Hungarian rocks. Some of fl 
quartz-trachytes show a fissile, slaty, or slabby structui 
which sometimes originates in the varying character ( 
different bands which exist in the rock, or else in a paral 
arrangement of the sanidine crystals. 

Sanidine-Trachvte (Sanidine-rhyolite). 
The matrix of this rock is usually of an aphanitic < 
micro -crystalline character. Under the microscope it is se 
to consist almost wholly of httle felspar crystals, raos 
orthoclastic, but among which plagioclastic felspars s 
seldom absent The felspar crystals are usually intersperse 
either with glass or micro-felsiiic matter. Occasionally, ; 
in the sanidine-rhyolite of Berltum near Bonn on the Rhin 
the ground-mass consists almost exclusively of minu 
sanidine crystals with microliths of hornblende, grains 
gtas%y matter and magnetite. In this matrix no quartz is 
be recognised, although the rock contains over 72 per ci 
of silica. Sometimes the roatnx o^ ^3m.&ive-'ew3(JC\\s=& *» 

' rhej. have since been noW4 "b, TXj^f -^°^^^•''^^- 
i!^ tie Author, from Llyn tadariv, N. ^a\e»,. 



ilmosi wholly amorphous, or shows a finely fibrous slructurc, 
»ften hazy in appearance, while it occasionally assumes a 
radiate arrangement around certain points, thus giving rise 
to sphenilitic structure. The sphenilites in a rock of 
jhis character at Tolcsva, near Tokay, attain from one 
to two inches diameter. Welj-individuahsed quartz some- 
times occurs in the matrix of sanidine- trachyte, sometimes 
Pone is visible. 

The minerals which are porphyritically developed in 
these rocks are, for the most part, crystals of sanidine, either 
single, or twinned on the Carlsbad type, crystals of plagio- 
clastic fehpar, which, as a rule, show more decomposition 
than the sanidine crystals, magnesian mica, magnetite, and 
occasionally hornblende, tridymite, and sphene. 

Trachyte Proper (Quartzless trachyte, qiiartzless sanidine- 
porphyry, domite). 
The matrix of true trachytes consists generally of an 
aggregate of colourless felspar microliths, which, by their 
aira,ngement in certain directions, frequendy indicate fluxion. 
Spicule and granules of greenish hornblende and specks of 
magnetite are also, as a rule, plentifully mixed up with the 
felspar microliths. By rotation of the section on the stage 
of the microscope, a very small quantity of interstitial glass 
may usually be detected, by its persistent darkness between 
crossed Nicols. The general colour of the matrix of trachyte 
is very variable, but greyish, yellowish, and reddish-brown 
tints are the most common. 

The larger porphyritic crystals which occur in trachytes 
are sanidine and sometimes plagioclastic felspars : ' the 
- latter are not, however, always present Hornblende is com- 
mon in these rocks, and magnesian mica also frequently 
occurs in small crystals or scales, which are visible to the 

, ' The tnie san iiJjne-irachytes contain Viu*. \ev^ X\\At 
felspars, and, in some instances, none. 
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naked eye. The sanidine crystals are usually traversed by 
numerous irregular fissures, along which they are often dis- 
placed or faulted, as though they had been subjected to , 
strain and pressure. They are very commonly twinned on the 
Carlsbad typCj and the same may be said of the very minute 
crystals of this mineralwhich occur so plentifully in ihematrk. 

The larger sanidine crystals are sometimes an inch or 
two in diameter, as in the well-known trachyte of the 
Drachenfels, in the Siebengebirge on the Rhine. 

The triclinic felspars are, as a rule, developed only on a ' 
small scale ; and, as observed by v. Lasaulx, their glassy and 
cracked appearance often renders it difficult to distinguish 
between them and the smaller sanidine crystals. 

Small crystals and spicula: of hornblende are common 
in many trachytes. To the naked eye they look black, or 
greenish -black ; while, when seen in thin sections by trans- 
mitted light, they appear green or bro\vn. 

Magnetite and apatite are also present, as a rule, iBv 
considerable quantity, the former mineral frequently forn 
black, granular envelopes around the hornblende crystals; 

Tridymite sometimes occurs as a constituent of t"" 
matrix, and also in small cavities and druses in the p 
Sphene, hauyne, sodalite, nepheline, and specular iron i 
not of uncommon occurrence, while augite is somet 
but rarely, met with in trachytes. In some of the eje< 
trachytic blocks, as in those of the Laacher See, a (^ 
number of mineral species occur, includiiig, besides thosel 
ready mentioned, zircon, corundum, meionite, garnet, sjm 
staurolite, nosean, olivine, leucite, and various zeolites. 

The name domiU (from the Puy de Dome, in Auver 
hasbeen applied to trachytes which contain a high percenta 
of silica, in some instances over 68 per cent., considetedS 
be due to the presence of tridymite, since quartz is n 
o&served in these xotts, v-^te "LtLfc to^-mss -cmmafinsi 
rafher plentifully in flie gta.TO\aj-w;\adC\<\t wo-v™., ■« 
sometimes contains a smiW qj^ai^uvi «i ■^v^^c,>^ ^^^»«^J 
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In mineral constitution the domites do not miiteriali, 
differ from ordinary trachytes, their somewhat highe 
percentage of silica being their chief characteristic, : 
pointed out by Zirkel and Rosenbusch. The porphyrin 
crystals in them, however, seldom attain any great siza 

The domites form some of the most conspicuous di 
shaped hills or ' piiys ' which constitute such strikin 
features in the scenery of Auvergne. — (Vide Scropd 
' Volcanos of Central France.') 

Trachytic conglomerates and tuffs are composed ( 
fragments of trachytic rocks, together with fragments of Otb! 
eruptive and sedimentary rocks ; these are ftequenfly roundei 
and cemented by crumbling earthy matter, mostly derive 
, from the fine detritus resulting from the disintegration ( 
trachytes. The tuffs are either of an earthy or granular aa 
sandy character, mostly light-coloured — pale buff, grey, <s\ 
yellowish- white. They contain fewer rock- fragments thiO.i 
the conglomerates, but pass into the latter as the fragmentfj 
become more numerous. They generally contain crystalsflB 
sanidine, biotite, and other mineral components of trachytffl 
It seems difficult or impossible to draw any hard line ifl 
the classification of these rocks. Sometimes they appear tj 
have resulted simply from the weathering of trachytes, S 
others they have more the character of volcanic ejectamentlH 
ashes, &C., which have been deposited in water ; and, iS 
both cases, there is frequently an admixture, to a greater »* 
less extent, of detrital matter derived from sedimeiitai>' 
rocks. 

Phono LITE Group. 

The rocks termed phonolite or clinkstone are in ^ 
certain degree related to the trachytes proper. The nam^ 
phonolite, from ijmi'nt, sound, was first given to them b^ 
KlaprotK Both this and the other name, clinkstone, bear* 
re/erence to the ringmg ot t\mV\t5^ ^wi^ad which slabs o* 
thin fragments emit \v\\k;i\ smv.cV, n-;\'C\-\ vY^^Vracms:^. 

Tjif stituein uv,u^T,^\vi o\ v'^'^'^--"'^-'^^ ^^"^ ^«^"^'*' 
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nepheline, and generally more or less hornblende and 
noagnetite. Nosean and hauyne are often present in con- 
siderable quantity, also leucite, and sometimes tridymite. 
The minerals which are less common, and less important as 
constituents of phonolite, are augite, olivine, sphene, zircon, 
apatite, and titanifcrous iron. Oligoclase as well as sanidine 
occurs in some of these rocks, and these oligoclase -sanidine 
phonolites are so closely related to the trachytes that they 
have received the name of tracJiy-phonolite. ' 

The matrix or ground-mass of phonolite is micro- 
ciystalline, and presents either a rough and porous, or a 
compact, character. The colour is usually grey, of a 
yellowish or slightly greenish tint It is partly soluble in 
hydrochloric acid, the soluble portion being represented 
by nepheline and zeolitic decomposition products of that 
mineral, while the felspathic portion of the matrix constitutes 
the insoluble part. 

The smaller the percentage of the insoluble matter, the 
higher, as a rule, is the percentage of water which the rock 
contains, and this is usually accompanied by an increase 
in its specific gravity. The larger the percentage of silica 
which a phonolite contains, the less, as a rule, is its percentage 
of soluble material. The amount of silica in phonohtes 
generally ranges from 50 to a little over 60 per cent. 

The phonolites fuse easily, before the blowpipe, to a 
whitish or greenish glass, and yield more or less water when 
heated. 

The phonolites may be divided, according to their 
dominant mineral constituents, into the following sub- 
groups ; — 

Nephelins-phanolite, Ifauyne-phonolite, Nouan-fhonoliU, and 
Felspar-pkanolite. 

' A veiy complele account of the differeni ■vane&ca cS -^WswSiat li 
/tfren in BoHcky's J^efrographisthi S/udim nJi den Phonal\Xh,%fila.-nm 
S^mait (ArrAhi d. Ji^aiurai. Landesdurchforsckunz ■u.BolLmen, "^™: 
Geoi Abtb,) ftaa 1873. 
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The phonoliles have, however, also been classified tiy 
Dr. Emanuel Boficky in the following 
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i. Nepheline-phonolite. — With a compact matrix, and 
containing much nepheline, and porphyritic ccystab 

ii. Leucite-aepfieline-phonolite.—Wnh a matrix of leucite 
and nepheUne, much pyroxene, amphibole, and 
magnetite, but with sanidine poorly represented. 
■ iii. Nepheline-tiosean-phonalite (Nepheline-hauyne-pho- 
nolite). — Containing much no scan and some 
haiiyne, with a little sanidine, pyroxene, amphi- 
bole, titaniferous- iron, and sphene. 

iv. LeucUe-noseoK-phonolite (Leucite-hauyne-pho nolite). 
— Consisting mainly of leucite, together with some 
nosean or hauyne, and more or less nepheline and 
sanidine. The leucite occurs both of microscopic . 
and megascopic dimensions. 
V. SamdiHe-nosean-phonelite (Sanidine*hauyne-phono- 
lite).^A light-coloured rock, speckled with nosean 
and with a variable amount of porphyritic sanidine. 

vi. Neph^liHU-sanidine-phonolite.—hgresmsh^ytMo'miii- 
grey, or dark grey, slaty or compact rock, wealfaer> i 
ing greyish- white, containing numerousporphyi 
crystals of sanidine, and a few of augite or be 

vii. Oligoclase-sanidine-phonoliU (Trachy-phonolite). 
Containing from about 5 to 30 per cent, of trie 
felspar. 

viii. Sanidine-phonolite. — Sanidine is abundant 

line and nosean occur in variable quantity up , 
30 per cent., the former mineral constituting 
large proportion of the matrix. Sanidine, a 
and hornblende occur porphyritically ; also 
sionally a little mica and sphene. 

The relative proporUo'ns ot ftve &5enCTfl. TCi\MBa!a ^ 
consrftute the matrix ol ^■WonQ\\\fi. "jktj craiKiftRx^siv^, ■ 
soluble portion varying Xft "its xe\a.ttntv to "^ \o5.&^ 
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portion from 15 to 55 per cent, of the roci, according to 
A. VOD Lasaulx. 

The microscopic character of the matrix is generally 
micro-cry sta! line, and. in the phonoUtes of some localities, 
consists almost exclusively of superposed layers of small, 
well-defined crystals of nepheline and sanidine, n-ith little, 
sparsely scattered crystals of hornblende and magnetite. 

No amorphous or micro-aphanitic substance occurs in 
the matrix of phonolite ; but its micro -crystal tine nature is 
not always clearly perceptible, owing to the transparent and 
colourless character which it often exhibits. 

The sanidine is very commonly twinned on the Carlsbad 
type, and is frequently more or less altered. Minute crystals 
of nepheline, nosean, and hornblende, and granules of 
magnetite, are sometimes seen lying within the crystals of 
sanidine, and often appear closely ranged along the margins 
of the sections of these crystals, which also, at times, contain 
inclosures of glass. 

Plagioclastic felspars are only of exceptional occurrence 
in phonolite s. 

The nepheline crystals, although they occasionally attain 
moderate dimensions, are, as a rule, very minute, especially 
those which enter into the constitution of the matrix. They 
show sharply defined boundaries, and in some phonolites 
are very numerous ; wliile in others, the mineral is so poorly 
represented, that the rocks approximate to trachytes. The 
nepheline crystals frequently show signs of alteration which, 
in its oliimate phase, results in the development of zeolitic 
matter, probably natrolite. Other zeolites, such as stilbite, 
thomsonite, chabasite, anakime, apophyllite, &c., also occur 
in phonolites. 

The decomposition commences by the development of 
a yelloivish fringe, which gradually passes from the exterior 
to the interior of the crystal, and, vmul "A\e?a ftm.'^^'a ■4WS.'t,'i. 
nucleus of tmaJtered nepheline remams. 

Hauyne is often very plenti£\A, ani \i\^e ^t«- *** 
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phoQolites in which it is totally absent, except in those rodci 
ill which leucite takes the place of nephehne. Hauyne awl 
nosean are so closely related, both chemically and 1 
phologically, that some mineralogists regard them as one 
species, and Rosenbusch includes them both under \ 
older name hauyne. After treating a section conta 
these minerals with a drop of hydrochloric acid, it is possib 
to distinguish the sulphate-of-lime-bearing hauyne from tl 
sulphate-of- soda-bearing nosean, by examining the sectioi 
under the microscope, since, after a little lime, the deconh 
position of the hauyne gives rise to little needles of gypai 
frequently associated, if a gentle heat be previously appliei 
with little rhombic, cube-like, doubly-refracting crystals i 
anhydrite.' These minerals vary considerably in colou 
appearing brown, blue, yellow, green, black, and colowles 
Some observers consider that, in their normal condition, tl 
are colourless, and that, at all events, some of the colon: 
are due to changes engendered by an elevated temperatu 
since colourless hauyne may be artificially coloured 
heat. The decomposition of these minerals gives rise I 
the development of zeolitic matter, and also [when, as i 
the case of hauyne, they contain a fair amount of sulphs 
of lime] calcspar is formed. 

Both hornblende and angite occur in some phonolite 

and it is often very difficult to distinguish the one mtnei 

from the other, since the augite in some cases exhibt 

strong dichroism, while in hornblende this character 

sometimes quite absent. In such cases the angles of inte 

section of the cleavage planes, when they can be observo 

afford a much safer means of discrimination than tli 

^^phocliroic characters of these minerals. 

^^1^ Magnetite is nearly always, and titaniferous-iron ' 

^^^Kcasionally, present in phonolites. Biotite, leucite, an 

^^^^Hpirile are also often pieseox m 'Kio&£.ta.\:% ojiaiAit) 

^^^^K oJiVi'ne, apatite, garnet, and tkcqiv a.\.e asnwl?.'tefc^ 
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frequently occurring constituents. The phonolites which 
decompose most readily are, as a rule, those which are 
richest in nosean. 

Phonolite occurs occasionally in the form of lava flows 
but more commonly in conical masses or bills. It some- 
times exhibits well-marked columnar structure, and has a 
veiy general tendency to split into slabs or slates, the more 
fmely-cleavable varieties being used for roofing purposes in 
certain localiries. In advanced stages of weathering the 
Tock passes into an earthy condition, known as phonolite- 
wacke. 

PhoHoUU-conglomerale. — In some stages of disintegration 
phonolite-conglomerates are also formed ; these consist of 
fragments of phonolite, and often of other rocks, together 
with fine, disintegrated phonolitic matter ; the whole being 
frequently bound together by a calcareous cement These 
conglomerates are mostly found at the bottoms of the 
phonolite hills, from which their materials have been de- 
rived. 

PhonoUte-tuff is an earthy rock of somewhat similar 
character, except that it contains but few actual rock- 
fragments. This earthy phonolitic matter often contains 
niunerous crystals of the constituent minerals of phonolite, 
and the rock is generally cemented by more or less carbonate 
of lime. The eutaxites of the Canary Islands, and the 
pipemo of Pianura, near Naples, are agglometatic and 
banded lavas, which are considered to be more or lesB 
closely related to phonolite. The former have a partly 
vitreous character, and contain rock-ft-agments lying in 
tolerably regular layers, which impart a flecked or ttanded 
appearance to the lava, into which the fragments are partially 
fused. Want of space precludes any detailed account of 
these rocks, but descriptions will be found in the 'Geolog- 
ische Beschreibung der Insel Tet\eivfe,' ¥T\Jsjdv"i. 'S.st^£&> 
Wlnierdiar, 1868 ; and in the wotV.5 ol Yji^-ctoissfe. ■axA^ 
V. Lasaulx, alisa.dy cited. 
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AxPESiTE Group. 
The name andesite was first used by L. von Buth b 
certain rocks occurring in the Andes, The felspar in iha 
rocks is plagioclastic, and is referred sometimes to andesin 
and sometimes to oligoclase. The other principal conat 
tuents are hornblende, augite and quartz, while more or la 
magnetite is also present as a rule: These rocks were fit 
divided by Roth into hornblende- andesites and augite-andi 
sites- The former are closely related to the trachjtes, tl 
latter to the basalts, and they thus constitute a conneOi 
link between these highly basic and highly silicated rods 
a post also occupied to some extent, although upon diffe 
mineralogical grounds, by the trachy-dolerites. 

In the rocks of both divisions of the andesite g 
quartz is sometimes present, sometimes absent, and, upon 
presence or absence of this mineral, the andesites mayl 
classed as 
Hornblc»d.^«,de,ite (Q«M"~ l»n,blen*!-ande,ite or dadlfl 

IQuaitiless hornblende -andesite. 

IQuartTless augite-andesite, 
Quartioae augite-andesite (of doubl 
authenticity). 

Diallage- and hypersthene-andesites have also been d 
scribed by Drasche. 

Qttartsose Dacite consists of a finely-granular or compact 
grey, brownish or greenish-grey matrix, containing crystals 
of plagiociase {oligoclase or andesine) and sanidine, spicula 
of hornblende, and granules and crystals of quartz. Under 
the microscope, the matrix is seen to consist of microliths ol 
plagiociase, sanidine and hornblende, together with fine 
grains of magnetite. Quartz seldom appears, according to 
A. von Lasaulx, to enter into the composition of the ma13J8 
»'hen definite megascopic grains of quartz are visible in dijj 
rock. 

As a rule, the matrix \a eTitiieV'j TcC\cio-raT^'(:^«ia,\i 
I ' Sonamed from its exteYisWcocwTi,:i«*\^-Dw;'». 
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times, when examined microscopically, it shows here and 
there a very small quantity of interstitial glass. 

The tridinic felspars are the most numerous and impor- 
tant of the porphytitic constituents of this rock, and analyses 
indicate that they may sometimes be referred not only to 
andesine and oligoclase, but also to labradorite. Crystals, 
showing interlamellation of triclinic felspar with sanidine, are 
sometimes to be seen under the microscope. 

The quartz usually contains fluid lacunae and magnetic 
dust. 

The hornblende is either in spiculse, or in well-developed 
little crystals, which sometimes show twinning, and seldom 
occurs in forms of purely microscopic dimensions. It shows 
strong dichroism, and often contains needles of apatite and 
grains of magnetite. Epidote and chlorite represent the 
ultimate phase of alteration of the hornblende. Occa- 
sionally crystals of augite may be detected in these horn- 
blend e-andesites. Olivine is never met with in them, 
Some of the hornblende- an desites of Hungary may be 
regarded as rhyolites, in which plagioclastic felspars play the 
part of sanidine. 

The quartzose dacites have been divided into trachytic 
dacites, biotite dacites, &c; in the latter hornblende is almost 
entirely absent, its place being represented by biotite. Some 
of these rocks are very poor in quartz, and they then pass 
into the quartzless hornblende -andesites. 

The chemical composition of the dacites varies consider- 
ably in the amount of silica which is present, this fluctuation 
being due to the variable quantity of quartz which different 
dacites contain. Von Lasaulx gives as a mean analysis : — 
Si03=66-io. Alj03=i4'8o. FeO=6-3o. CaO=5-3o. MgO 
=a'40. KjO and NaaO=7-7o. HjO=o-5o. In unaltered 
samples of dacite the soda is alwa)^ in excess of the potash. 

Quarfs/ess ifernblende-AnAmte. — -t^est xdOss. ^x^sis^ 
differ &om tfie preceding in contaitim^ ■ftQ (^■a.tu. isi&.'^isJSR.' 
oraosanidine. Biotite and magnetite axe ■¥\eo!i5Ni-''«v*«^ 
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Augite sometimes occurs, also nepheline. Hauyne ; 
olivine are very rarely met with. 

Quartzless hornblende- an desites are' well represented il 
the Auvergne, the Siehengebirge and other localities, 1 
they have commonly been designated trachytes. 

A. von Lasaubi gives the following as a mean analy^s ( 
these rocks — 
SiO, = 5975 . A1,0, = i;-25 . FeO and FejO, = 7'S7 . CaO-l 
MgO = 1 '30 . KjO = 3-10 . Na,0 = 4 . H^O = i. 

Augite- Andesitis. — The rocks which come under 1 
denomination are closely related to basalt in their r 
logical constitution. They have a compact or finely-ciy 
tallioe matrix, containing a considerable quantity of glas 
The constituent miaerals are triclinic felspar (either olig( 
clase or andesine), augite, magnetite, and at times more ( 
less sanidine and hornblende, while occasionally quartz n 
be present. These rocks have been divided into quart 
less- and quartz ose -augite -and esites, but the latter appear t 
be of very exceptional occurrence, and it is probable t 
they approximate more, in some instances, to the homblentk 
andesites. 

The quartzless-augite-andesites frequently exhibit ve 
distinct fluxion structure. The matrix is usually of a browi 
grey or blackish colour. The glass which enters into tl 
constitution of the matrix is sometimes quite clear and ofie 
contains trichites, at other times the glass is devitrified I 
the development of granular structure. Within this main 
crystals of oligoclase or andesine, augite and magnetite, af 
developed, and crystals of sanidine and biotite also :' 
quently occlu. Olivine and nosean are but rarely met « 
in this rock. 

The felspar and augite crystals frequently exhibit incl« 
sures of glass. The amount of sanidine present is alwa] 
iuiordjnate to that of the ■p\a:gvoc\ase. 

LTfie silica in the quaili\esa au^te-M\6esAfis'v 
moie, sometimes less ihati 6q pei <;e«^--> *^^ ^^^^^ »• 
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or under 3 per cent ; and the soda varies from a little 
,a to about 4 per cent, 

lUgite-andesites are essentially lavas. 
'opyliie is a rock closely allied in mineral constitution 
hornblende- an desites. It occurs very extensively in 
nited States, and bears, geologically, close affinities to 
rocks. Propylites also occur in Transylvania and 
', where, as at Kapnik and Nagybanya, they contain 
jjoetalliferous veins. Propylites are of early tertiary age. 
re in fact the first, or oldest, eruptive rocks of that 
The opinions of Stache and v. Richthofen appear to 
concerning this rock. Zirkel adopts the views of the 
author, and says, ' That petrographical differences 
between propylite and liomblende-andesice cannot be 
iger doubted,' ' He describes some of the typical 
flites as consisting of felspars completely filled mth 
inde material, while the larger hornblende crystals are 
ly altered into vivid-yellow epidote, slightly tinged with 
:n, occurring either in confused, fascicular, radiating 
;tes, or in small roundish grains. Apatite is also pre- 
Zirkel regards these rocks as more closely allied to 
lyritic diorites than to andesites. His explanations, 
1 seem to fail in giving a sharp definition for 
rocks. The propylites are both quartzless and quartz- 
Eke the andesites, 

le propylites are the equivalents of the greenstone- 
lytes of V. Richthofen, while the grey -trachytes of that 
lor are represented by the hornblende -an desites. 
Stache applied the term dacile to both of these groups, 
Zirkel objects to this extended application of dacite, and 
argues that propylite is an independent rock. 
Porphyrite Group. 
The rocks comprised under the term porphyrite arei 
characterised hy an aphanitic or miccQ-CTjsXa.VViae. -ma»r« 
I eBsendally composed either of triclmic fe\s\i3i a.t\&. 'W'^ 

I ' ^^tijife^ J^eireiogy. U. S. Exploialion o( Jipfti Ya-iiiid^ S« 
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blende, or of triclinic felspar and augite, in which largei . 
porphyritic crystals of the same minerals are developc " 
while, in some instances,biotite lakes the place of hornblende 
From the mineral constitution of these rocks it is therefoB 
evident that those consisting of triclinic felspar and hots 
blende are allied to diorite, while those containing trlclinK 
felspar and augite may, since the felspar is usually oligoclas^- 1 
be regarded as approximations to diabase. Those in whidi 
biotite acts as a substitute for hornblende are more or laf 
closely related to the mica-diorices. The porphyrites a 
therefore divided into diorite and diabase-porphy rites. 

These rocks may to some extent be considered as ided 
tical with diorite and diabase, differing from them chieflya 
the fact that they have a micro-aphanitic, or in some t 
a felsitic matrix, while diorite and diabase are crystalline g 
nular throughout In the diorite-porphyrites quartz is s 
times present, sometimes absent i in the diabase-porphyriiJ 
it is of very exceptional occurrence.' 

Diorite- Porphyrites. — The matrix of these rocks is u; 
dark-brown or dark-grey, and may either be of a felsitic chl 
racter, or it may consist of an admixture of microliths Q 
ohgoclase and hombende. It is in both cases essentia 
crystalUne, or micro-granular, never naicro-aphani 
rocks which possess a matrix of the former kind constitute J 
the division of quartzose-diorite-porphyrites, and quai 
occurs in them not only microscopically in the felsitk 
matrix, but also frequently in grains of moderate 
which are visible to the naked eye. Those diorite-p 
phyriies which have a microlitic matrix and contain i 
quartz constitute the division of quartzless diorite-p 
phyrites. Occasionally, but rarely, the microscope shoi 
the presence of a small quantity of vitreous matter i 
the matrix. 



' /! sepGis probable that in s~ ^^. ,-— r— ^ .- 

/ween some of the porphyrites ani enrites. lW,iv^wai, «• ">= •• 
^^^,!/J^oik I^ama, London, 1&13. -p- ^^. '■scrv\«^» ^^«^ ' 
.VAumaim, 



According to the nature of the minerals which are por- 
phyritically developed in them, the diorite porphyrites may 
be distinguished as plagioclase-porphyrite, in which crystals 
of oligockse are met with, while, at times, granules of 
quartz and crystals of biotite are also visible as poiphyritic 
developments. Hornblende- porphyrite, in which distinct 
crystals of hornblende and triclinic felspar occur porphy- 
ritically. In some hornblende- porphyrites, in addition to 
oligoclase, a very little hornblende is occasionally visible. 
The mica- porphyrites are distmguished by the porphyritic 
development of biotite and oligoclase, the former mineral 
almost entirely supplanting the hornblende. Quartz is very 
generally present in this rock. 

The rocks kersantite and kersanton which occur in the 
form of dykes in certain parts of Brittany are closely related 
to the mica- porphyrites. They consist of biotite porphyriti- 
cally developed in a greenish-grey matrix, which consists in 
great part of oligoclase and which also at times occurs in 
well- developed little crystals. Kersantite differs mainly 
from kersanton in containing more or less hornblende. 
These rocks are sometimes amygdaloidal, and commonly 
contain minerals of secondary origin, such as chlorite, calc- 
spar, epidote, pyrites, &c. 

Diabase- Porphyriks. — These rocks have a finely aphanitic 
or granular matrix, consisting of triclinic felspar and augite, 
and the same minerals also constitute the porphyritic crystals 
which occur in this matrix. The plagioclase crystals, which 
predominate over those of augite, are sometimes labradorite 
and sometimes oligoclase. Quartz is not of common occur- 
rence in these rocks. 

The diabase -porphyrites have been divided into diab.ise 
porphyry and augite porphjTy : the term 'porphyrite' 
will, however, here be substituted for 'porphyry,' since 
the latter term implies the megasiio'^vc. ie^^-^-ioKW. <S. 
certain minerals, and, when coupVcd mftv 'Otve, -^-^^w»s«» 
•diabase, • may therefore be thou^t da^eOin-Mi^^ 
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those who consider tliat it is better in all cases lo i 
the adjective ' porph yritic ' and to abandon the term ■ por- . 
phjTy.' 

Diflbase-poqjhyrite, or plagioclase-diabasite, consists of 
crj-stals of augite and labradorite, or oligoclase, somewhat J 
sparsely disseminated in a dark grey or greenish-grey matlil^J 
which is compact and aphanitic, and consists of microlidirl 
and little crystals of triclinic felspars and augite, with occa* \ 
sional traces of vitreous matter. The felspars sometimes 
exhibit a greenish appearance, due to an admixture H-tih 
chlorite. The pyroxenic constituents of the rock are fre- 
quently represented by pseudomorphs of serpentinous at I 
chloritic substances (viridite). Calcspar and epidote arbl 
also among the usual secondary products. Magnetite O 
more or less plentifully. The verde-antique porphyry is O 
of the diabase-porphy rites. 

Augitc-porpkyriie, or augite-diabasite, has also a compi 
aphanitic matrix in which porphyritic crystals of triclinf 
felspar and augite are developed, but the felspar is alwj 
labradorite, and the porphyritic crystals of augite are, % 
rule, considerably in excess of the felspar crystals, 
matrix, moreover, very frequently contains a certain amoQl 
of glass. Olivine crystals and pseudomorphs after olivi 
are also common in the augite-porphy rites. 

Apatite, pyrites, chlorite, and calcspar are freqaet 
met with, and occasionally a little orthoclase is present 

The augite is in some cases entirely, partially r 
converted into homblendic matter, which is dichroic, a 
shows the characteristic hornblende cleavage. This p 
of the alteration of augite, which is known as tiralite, I 
occasionally well developed in these rocks, which are tha 
teemed uralite porphyries, 

The augite-porphyrites occur in dykes or intrusive sf 
and in some instances ftiey ma.-j Tev^es,OTB. Nwa. ' 
Sometimes they aie vesicular atvi. a.TO.-j?.6^w>.^a^- ^-a. ■^ 
latter case the vesicles oftea coi^wim -ma-xv^ «ffi««^v ^^^^ 



of zeolites and other minerals of secondary origin. Tufaceous 
conditions of these rocks occur in the Tyrol. 

DioRFTE Group. 

The term 'greenstone,' which in its older signification 
embraced basalt, diabase, gabbro, diorlte, &c., has subse- 
quently been restricted in its application, and employed as a 
synonym fordiorite. Since, however, the name greenstone ia 
almost meaningless, it seems desirable either to discard it, or, 
still better, to use it in its original sense as an ambiguous and 
comprehensivetenn,useful in field geology, but otherwise only 
admissible as an expression of comparative Ignorance, such 
as may safely be employed in the case of rocks of a certain 
type, which have reached so advanced a stage of decompo- 
sition, and in which the constituent minerals are so poorly 
developed, that it is no longer safe or possible to hazard any 
opinion concerning their precise normal mineralogical con- 
stitution. 

Diorite is an essentially cr>'stal line-granular admixture 
of triclinic felspar and hornblende. The majority of the 
diorites are quartzless, nevertheless quartz occurs in some of 
them, and they are then designated quanz-dioritcs. The 
triclinic felspar is sometimes oligoclase, sometimes labra- 
dorite, and this fact, again, gi\'es rise to a division into 
oligoclase-diorites and labrador-diorites. 

Oligodase-diorite is a crystalline-granular admixture of 
oligoclase and hornblende. The texture of the rock varies 
from fine to coarse grained. The colour also is variable, 
being sometimes greenish-grey, at others greenish-black, 
while some of the coarser grained varieties have a speckled 
or blotched appearance. The rocks are sometimes very 
compact in texture, and are then styled diorite-aphanites, 
but in the most compact varieties it is seldom, even under 
the microscope, that any traces of a. rri\cto-a.-^\va.wi\\c. at lA -i 
devitriSed paste can be detected, G\ass wdios^s^ wa&.'JSs^ 
are not of common occuitence 'm 'CRe o\«i,Qc>aae. 
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crystals, but the latter sometimes contain Buid lacunstl 
oltgoclase is usually white oi greenish- while, and shon 
twinning striation charaaeristic of triclinic felspars, f 
clase is sometimes present in these diorites, but it pi 
\-ery subordinate part as compared with the oligochse. H 
hornblende is mostly greenish-black, somed 
and occurs in long blade-like crystals or in impafeOfl 
developed crj-stals, and irregularly shaped patdies u 
grains. In the finer grained and aphanitic varieties of » 
rock the hornblende crystals are often exceedingly sfl^ 
A microscopic examination of thin sections ofdionEH 
quently shows the presence of numerous inclosuiag 
glass, magnetite dust, and microliths, in the hMnblBa 
crystals, together with gas-pores. 

Crystals of magnesian mica often occur in these lo^ 
and, when very numerous, they constitute the varieties kDOi 
as mica-diorites. Apatite is present in nearly all dioiit 
and the Uttle hexagonal prisms of this mineral may ofl 
when sections are examined under the microscope, be % 
to colonise in particular spots. Augite is occasional!^ 
not often, present. Chlorite, pyrites, magnetite, and td 
ferous-iron are of very common occurrence in c 
while garnet, sphene, and epidoCe are also met i 
accessory constituents. 

Labrador-diorite. — If labradorite be substituta 
oligoclase, the foregoing description will answer equally 
for this variety. 

Quartz-dioritc. — In the constitution of these rocks qu 
plays a somewhat important part, and occurs both in mi 
scopic and in microscopic, roundish or angular grains, 
seldom in properly-developed crystals. 

Fluid lacunte are very numerous in some oftliesequ 
grains, and, in addition to bubbles, they occasionally con 
minute cubic crystals of rock-salt, as in the quartz-dioi 
o( Quenast, in Belgium, described \)V "*-^^=-'^*~ '■?««■ ^ 
jL 16^.) A very large number ot &ot\\fi^ ^^ '\v^ 



Sicheme of Deviations from Diorite as a Type^ 

Plate V. 
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The rock termed tonalite by Vom Rath, which occurs u 
the Tonale Pass in the Tyrol, and which was formerljrl 
regarded as a variety of granite, is a micaceous quartz-diorita I 
The norite of Scheerer is a rock of similar mineral c 
tution, but it sonaecimes contains diallage or hypersthene 
and then passes over to the gabbros. The felspar is the 
dominant mioeral in norite, and sometimes constitutes 
almost the entire rock. Norite occurs in the island of 
Hitteroe, off the coast of Norway, and also in North America. ' 

The diorites mostly occur as dykes and intrusive sheets y 
the former are usually fine grained at their margins a 
coarsely crystalline-granular towards the middle of ■ 
dykes. The intrusive sheets are sometimes of consideraH 
extent, and follow more or less closely the planes of stratfl 
fication of the rocks, usually crystalline schists, gneiss, &<a 
into which they have been intruded. Veins of diorite s 
occasionally to be seen breaking through granite. 

Diorites are generally more or less irregularly jointed, bi 
in some instances, a rude columnar structure is dfevelop* 
Sometimes the diorites show a concentric spheroidal stn 
ture, when weathered. 

Passages between quartz-diorites, mica- diorites, &(J 
may occasionally be seen, and the different varieties appea 
to be niere local differentiations of the satne rock. 



CHAPTER XIII. 

ERUPTIV.E ROCKS. 

Class II. — Crystalline Rocks. 

DIABASE GROUP. 

Diabase may be regaided \yv\taXV^ as a. cs^tid^e-pannJ 

admixture of lric\inic telspat aM wi^\K,-WKLi&^ Nrttsvro 

or Isss magnetite and tkanWeTDMsAioT^. ^me '"'^^^J ^ 

^contain quartz, and tbey a« coTv^^^^^^*-■i ft^x^ 
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quartz -diabase and quartzless- diabase, or diabase-proper. 
Chlorite has hitherto been cited as one of the essential con- 
stituents of the rock; but Rosenbusch very justly observea ' 
that if the chloritic matter in diabase be, as it no doubt is, a 
secondary alteration -pro duct, it then has only a 'patholo- 
gical significance,' and cannot, therefore, rank as an essential 
constituent. That the viridite (chlorite, epichbrite, or chlo- 
ritic matter) in diabase is a product of alteration is an 
opinion now very generally held, and, upon this ground, 
Allport has been led to regard diabase as an altered con- 
dition of dolerite. According to the researches of J. F, E. 
Dathe,* the felspar in diabase is not labradorite, but oligo- 
clase. Rosenbusch considers that diabase aud gabbro are 
very closely allied, if not identical ; and he bases this con- 
clusion upon the argument that the essential difference 
between these rocks is represented by the statement that 
diabase contains augite, while gabbro contains diallage; and 
he argues that no essential difference, either chemical, mor- 
phological, or optica!, exists between these two minerals, and 
that the only appreciable difference between them, which he 
is able to recognise, consists in the fact that diallage shows a 
structural condition of pinakoidal separation due to the 
presence of twin-lamellation, or interpositions, while, in 
augite, no such condition exists. The argument is most 
masterly; and the reader, if interested in this special question, 
should consult the original work. 

Diabase (quartzless-diabase). — The rock is essentially 
crystalhne in structure, and contains no trace of a glassy or 
of a devitrified base. The felspar is generally oligoclase, 
and, according to Dathe, remains unattacked when sections 
of the rock are treated with hot hydrochloric acid ; but, in 
most cases, it has, microscopically, a hazy, granulated appear- 

' Mii. J'Ayj. d. Massigen Cesleine. Roambisc^i, '&Va.\\'ipA, ■v'i'TVi 
'A^. l/ii£eraiiA. iih^ Diabaie T F.'E.'Da.'Cac. ZcUscV-.d.icuMe 

Ga>/. ITrr tXtA nj ! ■■ 
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ance, due to partial decomposition. When this condicic 
supervenes, the crystals seldom exhibit more than traa 
of their characteristic twin-lam ellation ; while, if the chang 
he far advanced, aU indications of this structure beconi 
obliterated, and the crystals may then at times be mistak* 
for orthoclase. In some instances the trichnic felspars, i 
microscopic sections of dialase, consist merely of t 
iamellie, thus resembling Carlsbad twins of orthoclase; a 
occasionally, according to Rosenbusch, simple, untwinin 
crystals of triclinic felspar occur, which also simulate orth^ 
cjase. The presence of true orthoclase in diabase does a< 
appear as yet to have been established The augite ciysta 
are generally seen, in microscopic sections, to be traverse 
by irregular fissures along which a green decompositio 
product (viridite), of a scaly, or occasionally a fibrous c 
racter, is developed ; and this also occurs along the marg 
of the crystals. As this decomposition extends inwards, d 
crystals appear to be irregularly broken up into irregub 
patches, in the centres of which nuclei of unaltered au^ 
still remain. When the decomposition is still fiirtl 
advanced, no traces of the original mineral are to be i 
lected, and the viridite constitutes a complete pseudomorp 
after the augite. The plagioclase in these rocks seems a 
at times, to undergo a somewhat similar alteration. Viridit 
also occurs inierstitiaily between the different crystals, a 
the entire rock frequently appears to be thoroughly impre 
nated with this decomposition product. This green sul 
stance differs fi'om chlorite by its more easy solubili^ i 
hydrochloric acid. It has been regarded by Giimbel i 
epichlorite, a mineral of intermediate character betwec 
chlorite and Schillerspar. 

Apatite occurs plentifully in the coarser-grained ( 

bases ; in the more compact varieties it is less commoi 

Biotits is also met with at limes. CaNc«£\?. 4n«^ c 

secondary product in ftiese lodts. "N^aipiKcte ckkmo^ " 

crystals and in fine grains. titjmMaaa^-^^a, ««a-YiTOM. 



and copper- pyrites are also minerals of 
in diatiase, and in some few localities olivine forms one of 
the constituents. The percentage of silica in a diabase 
from the Harz is 44'6, while that in a quartz-diabase from 
Baden is 53-3. 

Quartz-diabase. — The constituents of this rock are the 
same as those of quartzless-diabase, except that quartz and 
biotite are always present Quartz -diabase is an essentially 
crystalline-granular rock, without any interstitial amorphous 
matter. It is, as a rule, coarse-grained in texture. The 
quartz occurs in small granules, seldom laiger than a pin's 
head, and Suid lacuna; are plentiful in them. Olivine is 
occasionally to be seen in quartz- diabase. The diabases, 
both quartzless and quartzose, show considerable variation 
in their structural character The following are some of the 
principal varieties : — 

Granular-diabase, In which the individual constituents 
can be recognised with the naked eye. 

Diahase-aphanite, a very fine-grained or compact variety, 
in which the constituents are not to be recognised without 
the aid of the lens or the microscope, 

Calc-aphanite and Cak-aphanite schist. — Diabasic rocks 
which contain very numerous spherules of ca'cspar, bordered 
by chloritic matter, and appearing to pass into the surrounding 
matrix. 

The calc-aphanite schist lias, as its name implies, a 
schistose structure. 

Diabase-schist is also an aphanitic rock with a schistose 
structure. 

AmygdaloidaI'diabase {Diabasmandelsteiii). — A vesicular 
diabase, in which the cavities have been filled with calcspar 
by infiltration. According to von Lasaulx, the character of 
the amygdaloids differs from that of the calcareous spherules 
in the caJif-aphanites. To some of \hesc loOi.^.wiOOTiwt'^^^ 
Nassau and in the department ot Ha.iiXe^a.^ms-,'™-"^"''^'^'^'^'' 
the name spilite has been 
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^r/i>/(Vf is an aphanitic diabase of compact texture andl 
greenish-grey colour, in which there occur little concretion».B 
of a paler colour, ranging up to the size of small nuts. TheM 
latter consist of concentric layers of plagioclase, augit&fl 
chlorite, and epidote. On weathered surfaces of the roc^f 
these little concretions form pustular markings, whence thdH 
name variolite. Von Lasaulx suggests that some of th^l 
rocks termed Schalstein may be referred to variolite. H 

Schedstdn is, according to Giimbel, a tuff, or sedimentai^H 
deposit, the material of which has been derived from ' diafl 
base eruptions.' This cautious expression leaves it an ope^| 
question whether tlie substance of these luffs was derivedH 
from the disintegration of erupted rock, or whether iM 
consists of fine ashy matter ejected from a crater. Certaittfl 
schistose rocks, occurring in the neighbourhood of Brent Tor^ 
appear closely to resemble some of the Nassau Schalstein,™ 
These schistose Devonshire rocks were regarded by Stc'fl 
Henry De la Beche as volcanic ash. In most instances tbcA 
evidence appears to show that they consist of eruptivu 
matter of a diabasic character ; but whether this finel;n 
divided matter was showered out as volcanic ashes, is DoA 
very evident ; while the highly vesicular and amygdaloidaW 
character which these beds sometimes assume renders id 
diificult to reconcile the co-existence of the vesicular wiitfl 
the schistose structure, unless the latter be regarded as supenl 
induced.' The same doubt maybe raised with regard ttfl 
the amygdaloidal Schalstein of Nassau. In Giimbel's exami-B 
nation of the diabase tuffs, he mendons the appearance iiJ 
them of a structure resembling the fluxion -structure seen vaM 
many lavas. This, however, he attributes to a totally diffe-S 
rent cause — namely, to the re-arrangement of detrital nfiattetS 
— and he distinguishes it by the term ' migration -textuieL* fl 

' 'The ErupliveRocUotBientTo^: ■?«if«,-9ji'C«:i,\?,TSH^yM 

The Author has since found l>\ai. some oS i\\s!e tcfJti^ajMn^M 

ID ipJiicfi a schistose strucluxetas been aeNeXo^ei- ^^^^H 
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J. Clifton Ward has pointed out the existence of 
similar texture in some of the rocks in Cumberland.' 

The schistose diabasic rocks contain a very large pro- 
portion of green chloritic matter, frequently in scales which 
are apparently often allied to sericite. 

The greenstone- tuffs and diabase-tuffs are often closely 
allied to, or identical with, the rocks just described. 

Gabbro Group. 
The gabbros consist essentially of a triclinia felspar, 
generally labradorite,anddiallage ; sometimes, however, the 
felspar, when altered, is represented by Saussurite, and the 
diallage by hypeisthene or smaragdite, and at times possibly 
by enstatite. Von I^saulx classifies the gabbros in two 
groups, the gabbros proper and the hypersthenites ; but in 
view of the researches of Descloizeaux on diallage, and of 
the opinions of Zirkel, Rosenbusch, and other petrologists, 
the hypersthenites, or those rocks which consist of rhombic 
pyroxene in conjunction with triclinic felspar, are of very 
restricted occurrence. Since, however, the rhombic minerals 
hypersthene and enstatite do occur in conjunction with 
plagioclase in a few rocks of limited occurrence, it seems 
desirable to follow the anangement adopted by Rosenbusch, 
and to divide these rocks respectively into the plagioclase- 
diallage, or true gabbro ; and the plagioclase- enstatite, or 
norite and hyperstheniie sub-groups. 

Plagioclase-Diallagk Sitb-Group. 
GaMro.— The: structure of the gabbros is crystalline- 
granular or granitic, and no interstitial amorphous matter 
occurs in these rocks. Labradorite and diallage are the 
essential constituents. Olivine is sometimes present, and 
when this is the case the rock is distinguished by the term 
oJi vin e-gahbro. 

• 'Geology of the Northern Parts oi ftve "LaVe "O'-^^w^J-^ ^ 
eSi*: Jkn^. £^s. and Wales. J. C. VJaid, VSlT. V- '^T- 
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The labradorite is usually pale-grey or while, and k 
easily fusible in the blowpipe flame. The crystals of labra- 
dorite frequently show signs of decomposition, and then 
contain green fibrous alteration products and opaque-white 
granules, and ultimately pass into Saussurite. Tlie dialiage 
occurs in tabular patches of a grey, brownish -green, or 
blackish -green colour, with a lamellar structure, seldom in 
distinctly-developed crystals. The orthodiagonal cleavage 
is well marked, and the cleavage-faces usually present a 
somewhat metallic lustre. The dialiage is frequently fringed ■ 
with a border of hornblende. The olivine-gabbros contda, 
numerous dark-greenish grains of olivine, which are usual] 
rich in microlitlis. They often show a fibrous, green altd 
ation product, which probably represents their incipient ci 
version into serpentinous matter. 

Augite, hornblende, biotite, talc, serpentine, calcsf 
pyrites, pyrrhotine, garnet, and occasionally quartz soi 
times occur as accessories in gabbro. The augile now a 
then forms interlamellations with the dialiage, in the sa 
way that interlamellations of monoclinic and triclinic felspai 
sometimes occur. 

The three following analyses, cited by Von Lasat 
show the general difference which exists chemically betwe< 
ordinary gabbro, olivine gabbro, and the so-called h; 
sthenite of Penig, in Saxony; — 
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SiO, =51 '35 
A1,0, - 19-82 
FeO =14'9S 
Fe,0,- — 
MgU =- 4''4 
CaO = 3-51 
K..0 = 252 

"■^0| = I-10 2- 

and loss ( 



Olivine.B»hb™ 
(VamRab) 



A query has here been put against the rock of Penig, 
:e, although for a long time regarded as a typical hyper- 
sthenite, it has since been suggested by Zirkel that tJie mine- 
this rock, hitherto considered to be hypersthene, must 
now be reckoned as diallage, its almost total absence of 
dichroism precluding the supposition that it is hypersthene.' 
He also states that the supposed hypersthene in the so-called 
hypersthenites of Veldin, Neurode, and the Isle of Skye, is 
simply diallage. 

Plagioclase-Enstatite Sub-Group. 

The rocks of this group appear to differ very little in 
mineralogical constitution from ordinary gabbros, except 
that their pyrosenic constituent is rhombic and not mono- 
clinic Considerable difficulty frequently attends the dis- 
crimination between hypersthene, enstatite, and bronzite, 
and it is therefore at times very unsafe to express any strong 
and decided opinion as to the precise nature of the rhombic 
mineral which represents the pyroxenic constituent of these 
rocks, which appear to be generally massed by Rosenbusch 
under the name norite. The rock of St. Paul's Island, on 
the coast of Labrador, in which the most typical hypersthene 
i, is placed by this author among the diallage- and 
olivine- bearing hypersthene norites. The norites of Hitteroe 
consist of plagioclase and hypersthene, in which the inter- 
posed plates, &c, so characteristic of the typical hypersthene, 
are very generally absent. These rocks also contain a little 
orthoclase and diallage. Olivine and mica occur in some of 
the norites, and bronzite has been recorded in one or two 
localities as an essential constituent. 

Serpentine and Schillerspar (Bastite) are sometimes 
present in these rocks when they are more or less weathered, 
The norites never contain any glassy matter. 

Gabbro occurs in the form of intnis.\ve tKas^ia, -^Ssss^ 'A 
' Miirai^p. Sischag". d. Jt/iii. u. Gist. XwV.^ "Uiv^iis;., AT 
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considerable magnitude, and in dykes, veins, and intnisivt 
sheets, which are sometimes forced along the planes of 
bedding in the adjacent stratified rocks. 

Basalt Group. 

Dolerite, anamesite, and basalt, or basaldte, are names 
applied to the rocks of this group, which imply differenl 
conditions of texture and crystalline development, rathei 
than any marked difference in mineralogical constitution or 
chemical composition. Still some difference between thera 
frequently exists in the relative percentages of silica which 
they contain, and also in their specific gravities. 

The rocks of the basalt group all contain augite, magnoi' 
tite, and titaniferous iron (of the last two minerals sometima'^ 
one, scnetimes both are present), but they have in addition 
other mineral constituents which generally form a veiy 
considerable proportion of the rock, and indeed in scune 
instances play quite a dominant part Of these the felspars 
may claim the most prominent place. They are triclinic 
Monoclinic felspar, although met with at times, is of com- 
paratively exceptional occurrence. Olivine, nepheUne, and 
leiicite are minerals which exist very plentifully in some of 
the basalts ; in the constitution of others they occupy quite 
a subordinate place ; while in some, again, tliey are totally 
absent The occurrence of leucite seems to be restricted to 
certain localities, and this mineral has not as yet been desi 
tected in any British rocks. 

Hauyneand nosean {which latter may be included 
the former name) are sometimes sparsely disseminated 
other times they occur in such considerable quantity as to 
give a distinctive character to the rock. 

Micas occur rather plentifully tn some of the 
occasionally to such an extent as to impart a spet 
character to them, 
■ The basalts have been coTwemeofti cXasK&eA, \:(^ 
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according to their ininer.il constitution, in the following 
manner : — 

i. Magma-basalts, with a. colourless or brawn glass matrix. 
ii. Plagiodase-basalts, containing notably plagioclase and 
occasionally nepheline in addition to the essential 
augite, magnetite, &c. Leucite seldom. 
iiL Nepluline-basalts, cont^ning notably nepheline, and 
sometimes leucite, in addition to augite, magnetite, &c. 
Plagioclase rare or absent 
iv. Leucile-basalls. 
V. Hauyne- and nosean-basalls. 
vi. Mica-basalts. 

The old term oli vine-basalt is not included in this 
dassiiication, apparently for the reason that olivine may, and 
very commonly does, occur to a greater or less extent in ail 
of the basalts. 

The rocks termed magma-basalts have already been 
alluded to under the name augite-tachylyte.' 

The basalts vary considerably in structure ; the coarsely 
crystalline varieties, and those in which the different mineral 
constituents are sufficiently well developed to be distinguished 
by the naked eye, are termed dolerites ; those in which the 
constituents are too small to be recognised without a magni- 
fying power, but in which a crystalline texture is yet clearly 
discernible, are styled anamesites ; while the still more com- 
pact varieties, which, to imassisted vision, present a more 
or less homogeneous appearance, are called basalts (basalts 
proper) or basaltites. 

Plagioclase iasuUs.—The constituents of these rocks are 
' BoKcky classilleE the basalts as 
M elaphyr-basalt, 
Felspar- basn}t, 

Fhonclite- and andesite-basalt, 
Trachy-basalt, • 

Tachylyte-basalt. 
Rasenbascb considers thai most of Ihe tocVs mtVaiei ""av "^idiv^si;* 
bst threegroaps are more or less closely a.\\ieA\.Q\\iKVe'j'cvi\1,es,<n" 
vcks which are characterised by the piescate ot we;^V^^«^ ''^ 



plagioclastic felspars, augite, and mapietite. Titaniferoii 
iron is frequently present Apatite, olivine, nephelin^ 
and hauyne may also be accessory: Carbonate of iroi^ 
calcspar, zeolites, chalcedony, &c., occur as secondaiy 
products, and very commonly fill the interior of vesiclea, 
The spaces between the individual crystals are often filled 
with a glass-magma, usually of a brownish tint, and 
quently containing great numbers of opaque trichites. As 
a rule, the glassy matter represents only a very small pro- 
portion of the entire rock. The plagioclase in these rocks 
is sometimes oligoclase, sometimes labradorite, anorthite, or 
andesine. It is, however, in most cases oligoclase. Ortho- 
clase also occurs at times in these rocks, but its presence is 
quite exceptional Olivine frequently forms an imporlanl 
constituent of the plagioclase basalts. 

In microscopic sections of basalts which have undergone 
partial decomposition, the olivine and augite crystals are 
often merely represented by pseudomorphs of green matter, 
which is serpentine or some other hydrous silicate." The 
augite in basalts is generally rich in glass inclosures. Steam 
pores and fluid lacunie are also of common occurrence in 
them. The olivine sometimes appears in tolerably well- 
defined crystals ; but it is more usually in roundish grains, or 
in granular aggregates. The latter are sometimes of con- 
iderable size, and occasionally show, in external configu- 
ttion, that they are large, rudely-developed crystals. The 
' gioclase basalts are of more frequent occurrence than anj 
t the other rocks belonging to the basalt group. 

Ik GonjuTicIion with plagioclase. Roscnbusch defines basalt ass rock 

tntsting esseatially of alivinE, augite, and plagioclase, and isg^ 

Ne rocks as the tertiary and recent eiiiiivalents ofolivine-diabaseairi 

, ineUphyre. Sandberger has proposed a division of these rocks iolo 

those which contain titanic-iron and those which contiin tnagneHte- 

Tlie former he designates doleriles, the latter basalts. This classilii*- 

I tron, however, as suggested liy B.oseTftuKdi.'i^.'B^ -wa tmmis aXishOoiJ, 

owing 10 the frequem diffiiCuUf in Avs.'im?.™*;™?, ■Vs«--"we& *«t'B^ 

niinerals, and also from \W tacv \.to. ma^tM&<. « -le^ ™«i^ 

Jitaniferous. 
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Von Lasauls gives the two following analyses as repre- 
seriting the average composition of a coarsely crystalline and 
of a compact variety, the former being a doleritic, the latter 
a basaltic, type: — 
Plagiodase dolerite : SiOj = 50'59, AljO,= 14*10, FejOj= 16-02, 

CaO = 9-2o, MgO = s-o9, KjO = i-os, NajO^aig, 

Hi,0 = i78. 
Plagiodase basaltite : Si0.j=43'O, h\0,= H'o, 

FCjO, and FeO = iS'3o,CaO - I2'iq, MgO =910, 

KjO = 1-30, Na,0 = 3-87, HjO = r3o. 

The lavas of Etna appear for the most part to be 
plagiodase basalts, rich in olivine. The plagioclase crj'stals 
in these lavas contain great numbers of irregularly-shaped 
glass in closures. 

Nepheline basalt, or nephelinite. — This is a crystalline 
granular admixture of nepheline, augite, and magnetite. 
More or less olivine is always present. Apatite, sphene, 
hauyne, melilite, and garnet are among the more 
common accessory minerals. The nephelinite of Katzen- 
buckel in the Odenwald, described by Rosenbusch,' may 
be taken as one of the most typical examples. Only mere 
traces of interstitial glass are ever to be seen in these rocks : 
some however contain intersritial nepheline, which may be 
easily distinguished from glassy matter by its polarisation, 
and by the crystalhne aggregate character of the patches, 
although no definitely developed crystals may be visible. 

The following is an analysis of the nephelinite of 
Katzenbuckel by Rosenbusch :— 

SiO, = 4.2'3, AljO^and Fe^Oj^aS'o, CaO and MgO = I3'65, 
K,0 = 273, Na,0 = s-i8, H,0 = 3-59. 

The rock also contains 0-65 per cent of phosphoric 
acid, and traces of Che oxides of nickel, cobalt, and 
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Leucite, sodalite, and sanidine are occasionally met w 
as accessories in nepheline basalts. These rocks sometime 
assume a very vesicular character, as m the millstone-lava 
of the Eifel, and of Niedermendig on the Rhine. 1 
latier rock is, however, often so rich in hauyne that it n 
rather be clpised in the sub-group of hauyne-basalts. 

These vesicular rocks assume an amygdaloidal chai 
ter when the vesicles are filled with various minerals. 

Leudtc-basalt (Leucilophyr, Leucilite). — The rocks ( 
this sub-group are seldom coarse-grained, and are mostiy t 
a greyish colour, the leucile crj'stals often giving them 
light speckled appearance. They are essentially aggregate 
of leucite, augite, and magnetite. Olivine and nephelia 
are very generally present, sometimes in considerable 
tity. Nosean is sometimes plentiful, and biotite and sphen 
also occur as accessories. Under the microscope, scarce" 
any trace of vitreous matter is ever to be detected in t 
leuciie-basalts, unless the leucite -sanidine-iavas of Vesuvil 
maybe included under this name. In most of these roc 
felspars are totally absent, although, in some of the leu 
tophyrs of Vesuvius and the Eifel, sanidine crystals are n 
with of tolerably lai^e dimensions. In all the rocks of tl 
sub-group, leucite is, as a rule, the dominant constituent, 
some of the leucitophyrs, as for example in the rock ti 
sperone, which occurs in the neighbourhood of Rome, i3 
leucite constitutes almost the entire mass, and the crystal 
which are mostly of minute size, are very closely pack< 
together. These crystals, when very small, no longer exhtt 
their characteristic crystalline form, but appear under l' 
microscope as round spots having rather ill-defined boa 
daries. The leucite crystals are generally rich ir 
tions, such as those previously described at page no. 

The leucite-sanidine lavas of Vesuvius have, as a ri 
such a very complex mHveiaiQgLiiSL ijaQ's.xA'aiOTv, *a3, t! 
cannot be regarded as tVe e^uwaieTAs q^ \iaaa^^ - 
number among their consUtuetvXs W^^ft, ^^&^>^, ^N 



iastic felspar [mainly anorthite], nephdine, sodalite, hauvnc, 
ugite, hornblende, olivine, biotite, apatite, &c. The majority 
if the Vesuvian lavas consist of seven or eight of these 
ninerals. An account of them will be found in the Trans- 
ictions of the Royal Irish Academy, vol. xxvi.' 

Hauyne-basalt (Haiiynophyr)^Leiicite, nepheline, 
bauyne, augite, and magnetite are the principal constituents, 
irith usually some olivine and apatite. Vitreous matter 
jccura sparingly in these rocks and generally contains nume- 
rous trichites. Felspars, both monoclinic and triclinic, are 
ibsent The hauyne crystals, which for the most part are 
blue, but also greyish or colourless at times, although fre- 
quently small, are seldom of very minute dimensions. Some- 
i the rock assumes a porphyritic character, through the 
increased development of hauyne and augite, The most 
typical examples of hauyne-basalt occur at the Laacher See 
the Eifel, and at Melfi near Naples. In the rock at the 
latter locality the hauyne crystals sometimes appear red, 
owing to the interposition of lamellje of hematite. This red 
colour does not, however, always extend to the surface, so 
that the fractured crystals sometimes have a red nucleus 
surrounded by a blue border. Hauyne -basalts are rocks of 
very limited occurrence. 

Mica-basalts. — These can scarcely be regarded as a 
distinct sub-group, since the mica which they contain does 
not exclude the occurrence, and cannot be considered as 
the representative, of any of the essential constituents of the 
' sub-groups already described, unless, in any cases, its mode 
of occurrence could be reconciled with the observations of 
Kjerulf on the mica-pseudomorphs after augite, which he 
procured from the Eifel ; or those of J. D. Dana, on the 
alteration of obvine crystals. The mica-basalts are rocks 
pertaining to the plagioclase, the nepheline, the leucite, or 

Rfpon on iJie Chemical, Mmeia.\o5,>ci\, a^i ViicxtfiK.a^^K.-^ 
ThamctfTS of the Lavas of Vesuvius from ttfil Vo \'«ft; "o^ ■^lO.sfS™- 
UBgbton and Huil. Dublin. 1876. 
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the hauyne basalts, and since any or all of these rocks may 
at times contain mica as an accessory, the only distiQction 
which exists between them and the mica basalts appears to 
be summed up in the statement that mica basalts are rich in 
mica, while the other basalts contain that mineral in very 
limited quantity, or as an accessory. The mica crystals in 
these rocks vary considerably in size ; sometimes they are 
quite large, at otiiers, they occur as fine microscopic scales, 
distributed very closely and uniformly through the rock. 
These micas are mostly dark brown, reddish brown, or 
black, and may, in many cases, be referred to biotite. 

The basalts occur in lava streams, plugs, intrusive sheets 
(' Whin Sill ' of the north of England), and dykes. Theyi 
are often traversed by structural planes which are, in somel 
cases, so disposed that the rock assumes a columnar charac-^ 
ter, as at the Giant's Causeway, Fingal's Cave, and at many 
foreign localities. The columns are occasionally curved. 
They sometimes stand in vertical, at others in horizonial or 
inclined positions, which, in all cases, are directed at right 
angles to the surfaces upon which the rock cooled. This 
columnar structure is caused by the contraction of the 
basalt on cooling, but it is not exclusively in basalts that it 
occurs ; it is occasionally to be met with in trachytes, phono- 
lites, pitchstones, felstones, also in argillaceous rocks at 
their contact with eruptive masses.' Sometimes a platyor 
tabular structure is developed in basalt, especially near 
margins of intrusive plugs or dykes. Spheroidal struct 
also occurs in these rocks, and the spheroids or balls may 
seen often closely packed between the divisional pi 
which constitute the boundaries of the columns. 

' Some interesting experiments were made by Mr. W. Cliandler 
Roberts in cooneclion with ihe artificial production of columnar stme- 
Inre, and he has kindly supplied the following note. 'A mixture of 
clay and sand, in the (otm o( '^mfetn-^miJt, -Mas. tAaUd la about 
t020° r. and slowly cooled. Tne ii\9s&-Mas, \t — * .^-v..^- — > — .-* 
bya.boat b per cent. l,cuVica,V\, niii coWnTOaii 
lopeii in it.' 
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columns are sometimes divided by cup-like joints, so thai 
one portion of the column is convex and fits into a concave 
surface on the adjacent part of the column. The number 
Fto, Bj. of sides, which basalt 

columns present, varies. 
Occasionally they have 
only three sides, at 
other times five, six, or 
eight, as shown in the 
accompanying figure 
87.' The subjoined 
papers on these struc- 
tures may be consulted 
the form of wide-spread 
lava flows, and coulees or streams, in dykes, in irregular 
bosses, and in plugs or pipes, which represent the filled-ii)i 
flues or feeders, from which lava streams were once poured 
out. 

' From illnstrations in the lale G. V. Du Noyei's ' Notes on the 
Giant's Causewny,' The Gielegist, toL iii. tS6o. >ll npiicara now 
to be pretty certainly eatablished that the peculiar stractnre of columnar 
basalt is due to contraction nnd splitting, consequent upon cooling. 
The idea entertained by some of the older geologists, that the bexngonal 
form, sofrequently found, was caused by [he squeezing together of mnsiKS 
originaliy spherical, is geometrically incorrect. This process would 
give rise to rhombic dodecahedrR, more ai less regular, and could under 
no circumstitnces lead to six-sided columns. The cup-shaped joints, sn 
freqnenlly found, hive also been shown to be a natural consequence of 
Ihe contrai^tion on cooling, to which the colnainar structure is ascribed. 
la this view, the analogy of colutnnai basalt is rather lo the split^ng, 
often seen in Lhe mud bottom of a dried-up pool, than to ordinary 
crystallisation. The direction of the columnar axis with reference 10 
the apparent planes of cooling — the confusion of structure towards the 
middle of the dykes or beds — the cup joints— the irregularity of the 
prisms, whose cross sections are seldom regular hexagons — the way in 
which a hexagon passes into a pentagon Ihrougli a heptagon, and not 
directly — all point to lhe contractile origin of the structure, at the same 
lime that the result suggests a curious mimicry of imperfect crystallisa- 
tion.'— C. W, M. 

•Gz^ory Walt, 'Observations on Basalv,' Phil- Trans, v"**!!, 
pp. V9-3I3- 

Scrape 'On Volcanoes.' 
Jamet Thomson. 'On Ihe Jointed Prismatic S\.Ta£VMtcS.-^^'^ 



Mdaphyre. — The precise grounds upon which tlie rocki 
termed iiielapliyre have been raised to the dignity of 
distinct petrological group are by no means apparent. 
Rosenbusch seems to regard them as closely related to, if 
not identical with, oh vine- diabase. It is evidently a some- 
what doubtful question whether they should be classed with 
diabase or basalt Helaphyre may be defined as a fine 
grained or compact, black, greenish-black, or brownish -black 
aggregate of plagio-lase, augite, olivine, magnetite, or tilani- 
ferous iron, and delessite or chlorophosite. These last two 
constituents are considered to distinguish melaphyre from 
basalt, [but melaphyres possess a vitreous, or a devitrified, 
magma which allies them more to basalt than to diabase]. 

Now, delessite isaferruginous chlorite, and chlorophteito 
is a hydrous silicate of protoxide of iron, also allied 
chlorite, or embraced by that very comprehensive tecn^ 
Both of these minerals are decomposition products, and % 
dierefore appears that their presence should serve to n 
the true nature of the rock a matter of doubt, rather than 
constitute one of its distinctive charaaers. 

Allport's suggestion that melaphyre should be included 
in the term dolerite, of which he regards it simply as 
partially- altered condition, seems at least plausible.' TTi^ 
definition given by Boficky in the introduction to li 
' Petrographische Studien an den Melaphyr-Gesteim 
Bohmens,' ^ appears to a great extent to confirm the foregotil|j 
statement. The melaphyres are of palaeozoic age, and thii 

Causeway,' read at the British Association Meeting nl Belfast in 1874, 
but only the title given in the report. 

R. Mallet, ' On the Origin and Mechanism of Production 
Basalt,' R S. Proceedings, 1874-5, vol. Jaiii. pp. 180-84. 

I. G, Bonney, ' On Columnar, Fissile, and Spheroidal Stml 
Q. J. G. S., vol. xxxii. p. 140, 1876. 

' 'On [lie Microscopic Structure and Composition of British 
(wniferous Dolerites,' by S. W\tioi\., Quatt.'Jcmrn.r--' '^-- - -' 
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fact seems to have been one of the very insufficient reason 
for separating them from similar rocks of later date. 

The vitreous conditions of basalt have been already de 
scribed under the head of tachylyte. 

Basalts often assume a vesicular character, which ii 
generally most prevalent at and near the upper and t 
lower parts of the lava streams. The vesicles, when s 
quently filled with calcite, zeolites, and other minerals c 
secondary origin, render the rock araygdaloidaL Some ( 
the basalts (toadstones) of Derbyshire show this charactt 
very well. 

Basalts occur of various ages, ranging upwards into TeJC 
tiary, and Post-tertiary times. 

Basalts of Diraetian age have been identified by Pr 
fessors Judd and Bonney, and also by Mr. Tawney.' 

Rocks of Exceptional Mineral Constitutiow. 
( Characterised by the absence of felspars^ 

Garnet-rock. — A crystalline-granular aggregate of g; 
and hornblende, usually with more or less magnetite, 
garnets, as a rule, constitute a far larger proportion of t 
rock than the other minerals, They may very common! 
be referred to the iron-lime varieties, and are mostly of 
brownisli or yellowish colour. Other minerals are a 
quently present, such as epidote and calcite. The game! 
rocks arc of very limited occurrence, and are chiefly n 
with in Saxony, Bohemia, the Urals, and Canada, formin 
irregular veins in mica-schist 

Kinzigite. — A crystalline aggregate of spessartine (in 
ganese garnet), magnesian-mica and oligoclase, often c 
taining some ioUte and fibrolite, the latter a monoclinic mio 
ral, having a chemical composition identical with that \ 
andalusite. It occurs at'Wui\c\ftTi,a,uVe^\WTA'^,'5iiAs«aMwal 

' 'On the Older RocVa ot Su -Dasias; t,i "E-. "ft. T;v™?i, 
' -Bn'stal Afai. Soc. vol. ti. p. ii3- 



Eulysite. — An aggregate of reddish-brown garnet, green 
augite, and a naineral which, in chemical composition, is alhed 
to the iron-olivine, fayalite. The last-named mineral is the 
dominant constituent of the rock. Eulysite occurs in a very 
thick bed in the gneiss of Tunaberg in Sweden. 

EklogUe (Disthene-rock). — A granular aggregate of red 
or reddish-brown garnet, smaragdite (a green variety of 
diallage which, according to Descloizeaux, has the cleavage 
and optical properties of amphibole), hornblende, orompha- 
cite (a grass-green variety of pyroxene with two sets of 
cleavage, one more perfect than the other, intersecting at 
an angle of 115°)- Kyanite (disthene), silvery white mica, 
quartz, olivine, zircon, ajiatite, sphene, oligoclase, and py- 
rites, also occur at times as accessories. The eklogite from 
Eppenreuth contains about 70 per cent of omphacite and 
25 of garnet. Other varieties, such as those from the Fichlel- 
gebirge and Baden, are, on the other hand, particularly rich 
in hornblende. Others again contain a large proportion of 
disthene, mica, and quartz, and on this account may prefer- 
ably be termed disthene-rock. 

The garnets in eklogite are often surrounded by an 
envelope of bright-green hornblende, while brown and feebly- 
dichroic hornblende also occurs in the same rock. 

The freshly broken surfaces of the rock present a very 
beautiful appearance from the juxtaposition of red garnets 
with bright green omphacite. 

LherzoUte. — A granular or crystalline -granular aggregate 
of olivine, enstatite, diopside, and picotite (a black spinel, 
tontaining over 7 per cent of sesquioxide of chromium). 
The olivine is the dominant constituent. The rock varies 
considerably in texture; in some instances it is coarsely 
granular and feebly coherent, crumbling when handled ; 
others it is of a medium crystalline-granular character, and 
quite loMgh. The enstatite is of a gyeenVsWAixoimv at leSsssw 
colour. In (ftin sections it appears aimosX «Jv<i"ii:f«sa "^ 
ordiiaiy tiansmitted light. It has a. laote ot \^?» S&n.<sai 



aspect. The cleavages parallel to oo P intersect at an a 
of about 87°; less distinct cieavages parallel to the piaakoi 
are also visible, and are generally rendered more appan 
by rotating the section between crossed Nicols. 
diopside has a rough or stepped appearance on the abr 
surfaces of sections, and shows the characteristic deavq 
of augite. It occurs in roundish, green grains, 
picotite appears, under the microscope, in very irregii 
brown, or (according to Bonney)' deep olive-green, patcJ 
or grains, which, in aspect, somewhat resemble dots a 
streaks of some gummy substance. They appear ( 
between crossed Nicols. 

The olivine is very frequently altered into serpentine, I 
process of decomposition taking place in the first i 
along the cracks in the olivine grains and crystals ; anti, 
it advances, they become traversed by a mesh-work of Ir 
strings of serpentinous matter, until, in the final stagey. 
olivine remains, the rock often being impregnated with I 
decomposition product to such an extent that : 
a serpentine rock, as pointed out by Von Lasaulx, and n 
fully described by Bonney, who states his belief that Iha 
lite is an intrusive rock. 

Rosenbusch, in describing the extreme phases of alt( 
tion into serpentine, remarks that the pseudomorphs 3 
the enstatite and olivine may be microscopically diM 
guished from one another by the rectangular, grating-l 
disposition of the fibrous structure in the serpentine, 
suiting from the alteration of enstatite or diallage, and 
irregular character of the fibrous mesh-work which is set 
in the decomposed olivine, 

I^herzolite occurs in veins of limestone at the Etang 

Lherz, in the Eastern Pyrenees, whence it takes its i 

It is also met with in the Tyrol, the department of Ha« 

Loire, Nassau, Norway, Sjc. "?^d^ w.c\a^ m, otitskw 

' "The Lherzolile ol \he Knf^=,' G«l. Mag. iauAt -i 

p. 64. 
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in a serpentinous condition of this rock, in certain localities. 
The olivine bombs met with in some basalts are, according 
to Von Lasaulx, closely akin to Iherzolite. The chemical 
composition of a Norwegian Iherzolite is cited by that 
author as 

SiOj - 37-42, ALjO, - o-io, MgO = 48*22, FeO = 8-88, MnO = 
0*17, NiO = o-23, H30=o7i. 

Dunite (so named from Dun Mountain in New Zealand, 
which consists in great part of this rock and serpentine), 
is a crystalline-granular aggregate of olivine and chromic- 
iron ; the former occurring in yellowish-green grains and the 
latter in black octahedra. Dunite passes by alteration into 
serpentine. The frequent association of chromic-iron with 
serpentine renders it probable that many serpentines may 
have resulted from the alteration of some rock analogous 
in mineral constitution to dunite. This rock also occurs 
in the south of Spain and in several other European loca- 
lities. 

Diallage and enstatite are present in small quantities in 
some varieties of dunite, which, under these circumstances, 
approximates to Iherzolite. 

Ficrite is a blackish-green crystalline rock with a 
compact, black matrix, containing porphyritic crystals and 
grains of olivine. The matrix may consist of hornblende, 
diallage, or biotite, associated with magnetite and calcspar. 
The olivine constitutes nearly half the bulk of the rock. A 
small amount of vitreous matter containing microliths is 
sometimes present 

Schorl-rock^ although previously mentioned in the de- 
scription of the granitic rocks, may also be placed in this 
miscellaneous group. The constituents are schorl and 
quartz. Topaz, mica, and tinstone sometimes occur as 
accessories. It is intimately connected m\5a. ^^xv\\.^^ ?ccs.^^ 
by the accession of orthoclase and mica, ^^s»'s»^'s» m\a ^^ 
schorJaceous varieties of that rock. 
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VoLCASic Eject AMENTA. 
These comprise dusi, ashes, sand, lapilli, and volr.init 
bombs. They all consist o( mineral matter whiih h.^ 
undergone a variable amount of trituration and which bs; 
been ejected, either in a solid condition, or in a stale of, 
fusion. The expulsion of this matter from craters is due to 
the explosions of steam and gases which occur within the 
volcanic vents. The lava, which is in a fused and viscid « 
pasty condition, naturally becomes injected more or less 
completely with steam and gases, the bubbles of which, wbeii 
imprisoned in the molten masses and unable to escape, 
produce a vesicular or spongy texture; so that it is common 
in volcanic ejectainenta to find fragments of rock, varying in 
size from fine dust to large blocks, in which a cellular, w 
pumiceous structure exists. These vesicles are sometimes 
coarse, sometimes so fine that they are not discernible to 
the naked eye. Most of the fragments of rocks and crysials 
which are shot up from the crater, fall back again, unless 
there be a sufficiently strong wind blowing, to cany then 
away. The constant aitriiion against one another which 
they undergo during these repeated journeys, up into the air, 
and back again into the crater, tends to round off any an^ 
which the fragments may possess; and the process, if repeated 
long enough, would reduce the whole to fine sand or dust 
Violent explosions also affect the matter within the flue of 
the volcano, forming a large amount of finely-comminuted 
and dusty material, which is often carried by the wind fo( 
long distances, or, if projected in calm weather, falls io 
showers over the cone. In some of the high volcanic moun- 
tains in the Andes, the flow of lava streams over the snow 
and ice, which rests at high levels, occasionally causes inun- 
dations, carrying vast quantities of fine mud, termed moya,' 
composed of volcanic dust and ashes-, aud similar mud-in> 

Heh ii. p. 1 



indations are also produced there by the bursting of subter- 
ranean reservoirs of water during earthquakes. ' Mud derived 
torn this source descended, in 1797, from the sides of Tun- 
guragua in Quito, and filled valleys a thousand feet wide to 
the depth of six hundred feet, damming up rivers and causing 
lakes. In these currents and lakes of moya, thousands of 
small fish are sometimes enveloped, which, according to 
Humboldt, have lived and mul liplied in subterranean cavities. ' ' 

Volcanic ashes commonly consist of small fragments of 
lavas, and crystals of felspars, augite, olivine, biotite, mag- 
netite, &c., and, in general, there is a more or less close 
relation in the minerals which constitute volcanic ashes and 
sands, and the mineral constitution of the lavas which have 
been erupted from the same crater. Volcanic ashes very often 
contain particles, or fused drops, of vitreous matter, and the 
crystals which occur in ashes also frequently contain nume- 
rous glass inclosures. The plagioclase crystals which occur 
in the a.shes of Etna are especially rich in glass inclosiires, 
but the plagioclase in the Etna lavas also contains them in 
great quantity.' 

Volcanic sand simply differs from ash in the constituent 
fragments being coarser. The puzzo/ana of Naples and the 
gravter noir of the Puy Gravenoire in Auvergne are volcanic 
sands, used in the manufacture of hydraulic mortar. 

LapiUi are moderate -sized fragments of rock, usually 
scoriaceous lava, which have been ejected from a crater. 
They may either occur imbedded in deposits of ashes and 
sand, or they may, of themselves, constitute accumulations. 

The ejected lapilli are sometimes pumice fragments and, 
at times, form entire volcanic cones, as in some of the craters 
in the Li pari Islands. 

Volcanic bombs vary considerably in character, but, gene- 
rally-speaking, they may be defined as masses of molten roclc- 

' LyeU's jy/Mi-i^ii 0/ Geelai:); 9tli edilion, v- i^- ^ 

w,J -ff""' " ^•^"'y of fhi Mountain <ind iii Eruplioni. "wi C. Tt 
Xodwell, p. ,jS. Loadoti, Kegan Paul & Co. \%1%. 
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matter, which, by rotation in ihe air, during their upnai 
flight and downward fall, have assumed a xno 
spherical form, and have wholly or partially solidified befoi 
again reaching the earth ; in the latter case, the imperfectlj 
solidified mass sometimes becomes flattened, by impact Q 
the surface upon which it falls. Such bodies are termed sL9( 
cakes. 

The identification of very old deposits of volcanic a 
is nnt always aa easy task. Where numerous lapilU \ 
scoriaceous and other unquestionably eruptive rock o 
old indurated ashes, as in those of Brent Tor in Devoi 
shire, it is comparatively easy to recognise the origin of tl 
deposits ; but when these fail, it becomes a matter of a 
siderable difficulty to say with any certainly whether a rt 
formed of broken crystals, such as might characterise a 
lava, in conjunction with very finely divided matter, such i 
might be referred either to fine volcanic dust or to ordins 
detrital sedireient, really represents a volcanic ash, or 
simply a sediment formed wholly, or partly, of the detriu 
of pre-existing eruptive roclcs. Some of the rocks mappt 
as ash beds in the English Lake district have undergone 
very great amount of alteration, so that their originally fra 
mentary character is only revealed by superficial weather 
or by microscopic examination, and, when the alteratit 
becomes extreme, it is hardly possible to distinguish the 
from compact porphyritic feisite. Some of these i 
closely resemble hallefiinta, and a determination of the 
precise origin is a difficult exercise for micro- petrol ogists. ' 
recognition of ash deposits is sometimes rendered troubl 
some by an intimate admixture of ordinary sedimenlaj 
matter. Much yet remains to be done in the determinatH 
of old volcanic ejectamenta, a field of inquiry in which no; 
but the most sceptic are likely to demonstrate the truth.' 

' The student may advurtageoosX-j cqosmW 'Jftt ■tcceo.i v»j« > 
AlhrecU Pcnck. ' Studien ii\>ei \oct'Ke voiVwustt* Kxh.'H'u 
^aisc/ir. a. Deutsch. Gcol. Gts. \Sl&- 



Altered Eruptive Rocks. 

The alterations whicli eruptive rocks undergo, subsequently 
to their fonnation,represent, in most instances, decomposition, 
often accompanied by pseudomorphous replacement of their 
constituent minerals, due to the chemical changes effected by 
infiltration of water, charged, either with carbonic acid, or 
carrying in solution various soluble mineral substances 
which it has taken up during its passage through other 
rocks. There are comparatively few, or no eruptive rocks 
which do not, to some extent, show traces of such alteration, 
and the pseudomorphs which they contain are so numerous 
and interesting that they may constitute quite a special 
branch of study. The admirable ' Recherches sur les 
Pseudomorphoses ' by D^lesse, indicate how much may be 
done, and yet remains to be done, in this field of inquiry. 
Some of the most characteristic pseudomorphs will be found 
mentioned in the descriptions of the various rocks in which 
they occur. 

The following are a few rocks which have resulted from 
the decomposition of eruptive rocks. 

Serpentine has, in some instances, been demonstrated as 
the result of the decomposition of such rocks as Iherzolite, 

)bro, &c It is also quite possible that serpentine may 
sometimes represent the alteration of ordinary sedimentary 
rocks, especially magne.sian limestones, as suggested by 
Jukes and other geologists, but good evidence seems as yet 
to be wanting upon this point Seqjentine is also stated to 
result from the decomposition of some gnetssic rocks and 
other crystalline-schists, also from garnet-rock and eklogite. 

Serpentine is a fine-grained, massive, compact, rather 
tough, but soft rock, of very variable colour, dark and light 
shades of green, greenish-grey, and deep red being the most 
prevaJent. It is ofien very beaut\(u\\.Y \eme,i Kfti. TO.a*.'^ 
with other colours, and, where not imucU ex^joaeA. \.o -aMos 
^heiic iaSueDces, it forms a va\uabVe stem.* lot eiKoa^^a^^ 
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work in architecture. It is easily turned in the hthe into. 
columns or small ornamental articles, and takes a higtr- 
polish. It often contains crystals of diaJlage, which, to some. 
extent, add to the beauty of the stone. Serpentine is also 
frequently traversed by white veins of steatite, in whk" 
angular fragments of serpentine are sometimes imbedded. 

Serpentine is essentially a hydrous silicate of magni 
When pure it contains at least two-thirds of silicate 
magnesia, but it is frequently impure, through admixture with 
silicate of protoxide of iron, sesquioside of chromium, 
argillaceous matter, and carbonates of lime and magneaa. 
The variations in its colour are due to different states of 
oxidation of the ferruginous matter which the rock contains. 
Serpentine when heated yields on an average about ii per 
cent, of water. 

The minerals which occur as accessories in serpentine are 
very numerous, and are for the most part the same as diose 
which are met with as accessories in the crystalline schists, with 
which rocks serpentine is very commonly associated and. 
interbedded. To them, however, may be added chromic iron, 
picotite, bron?.itc, schiller-spar, hematite, both massive and^ 
as specular iron, dolomite, cakite, brudte, magnesite, hydiO« 
talcite, native copper, copper pyrites, and copper glancCt; 
Gold and platinum occur in the serpentines of the Ural. 

Serpentine seems especially to result from the decompff^ 
sition of rocks which are rich in olivine. Professor BonnqT 
states that the serpentine of the Lizard in Cornwall contalm 
decomposed ohvine, enstatite, and picotite, and, from tlq 
presence of these minerals, he regards the rock as altered 
Iherzolite, similar to the serpentine into which he had piw 
viously observed the typical Iherzolite of the Arii^e 
pass. He regards the Lizard serpentine as a truly enip) 
rock, and considers that the sedimentary rocks which 
round it had been metamoiv^OT^i "b^lciie. 'is. 

' 'On the Serp^min. and A.^^V--i ^'f-^^%^^^^****^ 




of serpentine, when ejcamtned bjr cwdinaiy tians- 

■illed light, csuaUy appear of a pale greenish or yellowish 
ilour. By polarised light the substance Dtnamonly exhibits 
more or less fibrous structure which displays very feeble 
^plaraation, pale bluish grej and ceutral tints predotoinaling. 
♦'Jie crystals of ohvuie, when they are only partially altered, 
*-l)pear in disconnected fragments, mth moderately strong 
*ilironQatic polarisation, the spaces between the fragments 
■>«ing occupied by fibrous serpentine, which represents the 
Fm BS. incipient decomposition of the 

olivine along those irregular 
cracks by which the mineral is 
so frequently traversed, as in 
tig 88, which shows part of a 
section of serpentine from 
Coverack Cove, in Cornwall, 
after a drawing by Professor 
Eonney The speckled por- 
tion of the tigure indicates unaltered olivine, the remainder 
serpentine berpentine frequently contains veins of a finely 
fibrous mineral, chrysotile, which miy simply be regarded as 
a fibrous condition of the serpentine itself. 

Occasionally an appearance of lamination, or fine bedding, 
is visible on the weathered surface of serpentine, the rock 
appearing to consist of thin alternating hard and soft bands, 
but the cause of this unequal weathering has not yet been 
sarisfactorily determined. 

Serpentine occurs either in intrusive bosses, in veins, or 
in beds inters tratified with gneiss, mica-schist, chlorite- 
schist, talc-schist, &c.' 

Lat€riu is a red, earthy rock, which occm-s in beds lying 
between basalt and other lava flows, and results from their 
decomposition. It is strongly impregnated with sesquioxide 
ofiron. Hematite and beauxite MjmeUme% oodk in Vie.i'i.' 

' The views enfcrlained by Dr. T. Slenr7 HmW oft SNvt a<vi"a. 
ic win bs /bund in hU Chemical aixd Cwlogical Eimji. 



From ihe rarying nature of the rods fi 
I k b derived, laicrite has natural])- a very vtn 
t, xnd indeed there is, as yet, no |Hedse defiu 
boa of thb Tock. 

^t^ mt tt-mci. — This results from the action of heaSi 
inter or steam upon flows of lava, which ejects the decoo 
position of many of the constituent miner:ils, and espedafi 
causes tSc peroxidation of any protoxide of iron compound 
whirh the rock contains. The result is an amorphous, si 
vitreous substance of extremely variable colour (yellow, red 
brown, and black). The chemical composition of palago 
nite corresponds more or less with that of the rock froi 
which it is derived, except that no protoxide of iron remain; 
as it is all converted into sesquioxide, save in a fe 
instances where magnetite occurs. The qualitative Compaq 
sition of the rock is represented by silica, alumina, sesqui- 
oxide of iron, magnesia, lime, soda, potash, and waler. The 
percentage of silica mostly ranges between 30 and 4a 

Under the microscope, palagonite appears as a perfectly, 
amorphous substance, in which triclinic felspars, augite^ 
olivine, undetermined microliths, and patches of colourlesi 
devitrified matter with a radiating fibrous structure occtu: 
These last show dark interference-crosses in polarised light. 

Palagonite-tuffs differ from palagonite rock in consistin] 
not wholly of palagonite, but of fragments of that mlner^ 
mixed with crystals of augite, olivine, and fragments o{ 
eruptive rocks. 

Kaolin or China-clay is a soft, white, earthy rock, which 
results from the decomposition of the felspar in granite* 
When pure, it may be regarded as a bisilicate of alumina 
plus two equivalents of water; but the composition varies 
It may also result from the decomposition of leudtQ 
bpryl, Sx., but all the important deposits of China-clay a 
'1 the main derived ftom oohocXase, 'rcvt"*: is^K^WRa 
" «iniC«ralhei impure ftomt\^evies«.<^e<:>'-«;!v« c«. 
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- tuent minerals of granite, . Some of them, in which quartz 

' is plentiful, are termed China-stone. 

The use of these clays for the manufacture of porcelain 
is too well known to need more than mention. The kaolin 
of Cornwall was first employed for this purpose by William 
Cookworthy of Plymouth in 1755. It has to be carefully 
levigated before it is fit for the potteries. 
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SEDIMENTARY ROCKS. 
The general character of sedimentary rocks has alrea 
been described at page 15 rt seqq. In this place, mere 
the lithological chajaclers and industrial applications of t 
most typical varieties will be dealt with. These rocks co 
Btitute so large a proportion of the earth's crust, and ha" 
such an ireiportant bearing upon water-supply, agricultun 
and mining and enginering operations, their application f 
building, road-making, and other industrial purposes is i 
extensive, and the history of their formation, and of the p 
conditions of life which existed at the time of their dep« 
sition, as shown by iheir fossils, presents so many points i 
scientific interest, that it would be impossible, even within tl 
limits of a very large volume, to do even moderate justice 1 
so great a subject. It has not been with any desire I 
underrate the importance of the sedimentary rocks that 1 
comparatively large a proportion of this work has b 
devoted to the description of their eruptive brethren, 1 
because an elementary knowledge of their mineral cons 
tion and structure is, when compared with that of I 
eruptive rocks, far more simple for the student to acquire. 

The sedimentary rocks, as already stated, may be divided 
into two series, the unaltered or normal, and the altered a 
metamorphic. In the latter series, extreme phases of alts 
ration carry the metamorphic rocks out of the sedimenia 
and into the eruptive division. These eruptive rocks, whe 
brought to the surface, and subsequently denuded, supply ti 
materials from which fresh sediments are partly formed, 9 
that petrology becomes the study of an endless cycle ( 
changes from eruptive to sedimentary, and from sediments 
to eruptive rocks. The former class of changes are tl 
result of atmospheric and marine denudation, and a 
due, more to mechan\ca\ \Via.Ti Xo cVevm-^V ^ew:Y- Tl 
cAang-es of the latter cVass aie cVeiwicaX Mvi^\i.ii\ca\\-!V{s 
nature. 
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The altered or metamorphic rocks form, therefore, a 
tTRHsitional series between the unaltered, or normal-sedi- 
mentary, and the eruptive series. Sometimes the alteration 
is so slight that it is difficult to detect, and its precise nature 
still more difficult to demonstrate ; at others, where great 
alteration has taken place, it is almost, and, in extreme 
phases, quite, impossible to say with certainty whether a rock 
should be referred to the metamorphic or to the eruptive 
series, since there is no natural boundary between them. 

Before considering those which have been altered, it will 
be better to describe the 

Unaltered or Normal Sedimentarv Series. 

These rocks may be classed as arenaceous, argillaceous, 
and calcareous. They are, however, of a more or less mixed 
character as a rule, the arenaceous rocks being often ce- 
mented by calcareous matter, the argillaceous and calcareous 
rocks frequently containing a certain admixture of sand ; 
while, again, some of the argillaceous series are impregnated 
with a variable amount of carbonate of lime, and those of 
the calcareous series are sometimes more or less argillaceous. 
Some of the normal sedimentary rocks contain fragments of 
felspars, scales of mica, and other detritus, derived from the 
disintegration of pre-existing eruptive rocks. The sedi- 
mentary rocks occur in strata or beds, which rest upon one 
another, which have a regular order of sequence, and which 
generally contain fossils of characteristic types. The re- 
mains made in the earlier part of this work, and the nume- 
rous text-books of geology, which deal more or less fully 
with the stratigraphical and palaeontological branches of tlie 
science, render it unnecessary to say anything here upon 
these subjects. 

The materials of which sedimentary rocks consist are 
usually more or less rounded by atlnUoxv, \)cv^ \^%\^x ^^ 
their transport by water, or, in the case oi ^cJCva:^ \Q>viys. ^^^ 
their transport by wind. 

T 2 



Arenaceous Group. 

L^ltese locks consist essenrially of grains of silica. They 
' occur as supcrAcial accumulations of loose sand 
fonning desert tracts, or low-lying districts on sea coasts, 
where the wind piles the sand up in dunes, or they may 
occur as beds of loose sand, interstratified with coherent beds 
of rock. They are also met with tn a state of more or less 
imperfect coDsolioation, the grains being feebly held together 
by au iron-oxide or by calcareous matter ; or they may be 
excessively hard and compact, the constituent grains being. 
cemented by either silica, carbonate of lime, iron-oxides 
carbonate of iron. The rocks called grits vary considerably 
in lithological character. The term ' grit ' appears indeed 
to be very ill-defined. The millstone grit, which may be 
taken as one of the leading tj-pes, is more or less coarse- 
grained, while some of the Silurian rocks, such as the 
Coniston and Denbighshire grits, are frequently very fine- 
grained and compact in character. Under these circum- 
stances it seems that a grit may beat be defined as a strongly- 
coherent, well -cemented, or tough sandstone, usually, but not 
necessarily, of coarse texture. In some few cases there even 
appears to be, according to Prot Morris, no cementing 
matter present, as in some of the new red sandstones, the. 
constituent grains being apparently held together merely by 
surface cohesion superinduced by pressure. It is not pos- 
sible within the limits of this work to do more than allude to 
some of the most important sandstones which occur in the 
r.ritish Isles. Those used for building- stone and paving are 
lor the most part of old red, carboniferous, triassic, and 
neocomian age. Commencing with the oldest and lowest ii 
the series, the Cambrian and Silurian grits are for the mos 
-pan very tough, closely covnpaWed 5a\\4?i\.c(nss,, fe«j^iCT.ilY 
confining minute fragmenls ot iete^Kv^ a-tvA %c«n>«C\'ma 
scales of mica. Their co-nsx^wuoT. vmv^^ 'i^x *«^ ! 



I formed, at all events to some extent, from the detritus O 

' pre-existing eruptive rocks. They arc, in some instance^ 

fusible before the blowpipe, on the edges of thin splintery 

which is probably due to their admixture with felspathij 

matter. They are generally traversed by numerous jc 

so that they are seldom used for building purposes, excepj 

locally in the construction of rough walls. They are, howeve 

well suited for road metal, and in some places good flagstom 

are quarried, but these are, for the most part, rather to b^ 

regarded as sandy shales and slates, than true sandstones. 

_ The flaggy sandstones are generally micaceous, and to 

L^bis circumstance their fissile character is often due, 

^■Miough some beds of sandstone and grit occur in the 

^^pvonian series, they are unimportant from an economic 

^^Bnt of view, but in the 0//i Red Sandstone (the chrono- 

^Hncal equivalent of the Devonian series), both building. 

^^^Mes and flagstones are quarried. They are mainly em- 

^^fered in the districts where the stone is procured. It i& 

^^■Bl of a deep reddish-brown or purple colour owing to thfr 

^^■Bence of peroxide of iron; at other times it is greyish, 

^^RBsionally with a greenish tinge. The stone, if judiciously 

^^b is tolerably durable, but in some old buildings, such as: 

^^pepstow Castle and Tintem Abbey, it has suffered con^ 

^^Mrably from the weather. Old red sandstone is extensively 

^^Kl for paving in many of the large towns in England, 

^^Btiand, and Ireland, and is also largely employed as ft 

^^Beral building- stone and as road metal in the districts 

^Hmk it is quarried. The red sandstone quarries of Coric 

^^B Kerry yield in some instances building-stone of a very 

^^Mlble character.' The Dundee anH Arbroath sandstones,. 

^Hown as Caithness flagstones, quarried on the east coa; 

Scotland, form good and durable material for paving andi 

building, but the former is too sombre in colour to gi' 

pleasing effect when used for architecU\ta.\ ■^ut^?R.=.> 

' £«aA\^ and Oi-iMHienlal Slones, E, llnW, p. ikh. \si\fSs,^^^ 
' ^^i^/ie»s of Geolo^ to ilu Arts and Manu/actiires, N.™* 



The carboniferous sandstones, including those of the 
Yoredale series, the millstone grit, and the coal-measures, 
are very important ftom an industrial point of viw, since 
they afford good material for building and paving, "ilit 
Halifax, Bradford, and Rochdale flags arc extensively usol 
for the latier purpose in the North of England, and areu'd! 
known to builders under the name of Yorkshire flags. Some 
o( ihem absorb water very readily, consequently,, in vcij 
fxposed and damp situations, they are liable to flake, espe- 
cially if pliccd in positions where they are unable to psB 
with their moisture. The stone from Bramley Fall nea 
I^eds belongs lo the millstone grit, and is largely used for 
architectural purposes. The Rotherham stone is worked Inf 
building purposes and for grindstones, and that at Hart Hill 
for scythe-stones. The Wickersley stone (Middle Col^ 
measure Sandstone) makes good grindstones. 

The pennant grits and sandstones occurring in the co^' 
measures of the Bristol coal-field are important building- 
stones. The fine-grained pale-brown and grey sandstoos 
from Craigleith, near Edinburgh, and the Binnie quany u 
Linlithgowshire, are also extensively employed forbuildiap 
They darken somewhat on exposure, but are amongst ll" 
most durable of building-stones. The Craigleith stone con- 
tains only about i per cent, of carbonate of lime, '^ 
cementing medium being mainly siliceous. A litde 
and carbonaceous matter is also present to the eslent of 
about 1 per cent, the remainder of the rock, 98 per cent" 
consisting of silica. According to Ansted, a cubic fool 0' 
Craigleith stone, weighing about 146 lbs., will absorb 4pin'* 
of water, and good samples will resist crushing weights W 
the extent of 5,800 lbs. to the square inch. Of tlie carbOD'' 
ferous sandstones used in Ireland the Carlow fla^ 
perhajis the most important: they are sometimes more tf 
less micaceous, and are of dark blriish ot ^e-^ colour. 

The Permian sandstones, -w^ricV ate v\\fe tt^vj-iei 
t/.e Continentai RovWiegende. o. \««« &v«^«.. .^ ^ 
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SoKdstenes, 'S^ 

mian system, are but little used in this country, except 
locally, for building-stone, as in some parts of Cumberland/ 
Staffordshire, Nottinghamshire, and Yorkshire. At Mans- 
field, in Nottinghamshire, reddish brown and almost white 
varieties of triassic sandstone are quarried, and are said to 
be durable. As a rule the Permian sandstones are not well 
suited for building, being very absorbent and liable to decay. 
The Permian sandstone from the neighbourhood of St. Bees 
was used for the construction of Fumess Abbey. These 
rocks have mostly a deep red colour, due to the presence of 
peroxide of iron, which, together with dolomitic matter, 
constitutes their cement. 

Triassic sandstones.— Those belonging to the upper 
trias or Keuper are the most important as building- stones, 
the sandstones of the lower trias or Bunter being, as a rule, 
of too loosely-cemented and friable a character for such 
purposes. The latter are, however, used for moulds in 
foundries, and, occasionally, for buildings. They are often 
variegated and mottled, whence the name Bunter*— from the 
German &n»l, variegated or coloured— and they frequently 
exhibit false bedding. The Keuper series affords good 
building- stone, especially the lower Keuper sandstones, 
which are extensively used in the midland and north-western 
counties. It is of pale red, brown, and yellow colours, 
sometimes almost white, and is mostly fine-grained and 
easy to work. This stone has been largely used in the 
cathedrals of Chester and Worcester. 

The loosely- coherent triassic sandstone of Alderley Edge, 
in Cheshire, is partly cemented by carbonates of copper and 
other mineral matter, derived from infiltrating solutions. To 
obtain the copper, the sandstone is crushed, the copper salts 
dissolved in sulphuric acid, and redeposited on scrap iron in 
the metallic condition. The sandstone yields but liide more 
than I per cent of copper. Keuper saniacme \^ i^'iTivjt?!. 

' The I'enrith and St. Bees sandstones are itwc\i -J^i oSiXjxSiSnws; 



in Antrim, and is slated by Professor Hull to be exceedingi 
well adapted for architectural purposes. 

Amongst the carboniferous and triassic rocks of soo 
countries a sandstone occurs to which the name ArkosC' 
given. It consists essentially of the same constituents i 
granite, and has been derived from the disintegration ( 
granitic rocks. Some valuable notes uiJon arkose occur i 
the ' Memoire sur les Roches dites Plutoniennes de I 
Belgique et de I'Ardenne Fran^aise,' by MM. Ch. de I 
Valine Poussin and A. Rdnard, Brussels, 1876, p. lao. 

yitrassic sandstones,— The rocks of the Jurassic 
are for the most part limestones, but good sandstone 
quarried at Aislaby, near Whitby, in Yorkshire, and has 
used in the constmction of Whitby Abbey and several olb 
important buildings.' In Lincolnshire, Northamptonship 
and Dorsetshire, sandstone, belonging to the inferior oolifi 
is employed for building. ' The ferruginous, or calcareot 
rock of the lower part of the Northampton sand is local] 
used for building purposes, but it does not usually possd 
much durability. The white sands in the upper part of tfc 
series are dug for making mprtar,' ^ 

Cretaceous sandstones. — Those of most importance, fro( 
an economic point of view, are the sandstones belonging I 
the Hastings sand series. The sand-rock of the Hastily 
Sands is not a very coherent stone when first dug, but 
hardens on exposure, and, although locally used for buildin] 
it is not very durable. It is generally of a warm yellowis 
or brownish colour, and has a somewhat ferruginous cemen 

Bargate stone is quarried at Godalming for buildin 
purposes. It is a calcareous sandstone, and occurs in ill 
upper part of the Hytbe beds. The rubbly sandstones i 
the Hythe beds in Kent are locally termed hassock. Til 
Folkestone beds of the lower greensand afford hard san< 

' 'Mineral Statiyics,' Mtm. Geol. S.u-r.j.^-i.tCi..\-b^. J*--^^ 
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stone and grit, suitable for building and road-making. In 
the upper greensand at Godstone and Merstliam, a pale 
calcareous sandstone called fire-stone occurs, which is well 
suited for the floors of furnaces, aiid is also a durable 
building- stone.' 

Flints are procured from the upper chalk, and ; 
extensively used as building material and road-metal. 

Tertiary sandstones.— Although, in this country, beds of 
sand are of constant occurrence in the tertiary formations, 
they are not, as a rule, sutficienlly coherent to be of value 
for building purposes, except for making mortar. They are, 
when pure, used in the manufacture of glass. The Headon 
Hill sands, which occur in the Bagahot series in the Isle of 
Wight, are largely used for this purpose. The less pure 
sands are applied to various other uses. There are, how- 
ever, a few very hard tertiary sandstones, which are used in 
this country for building and paving, some of which are 
derived from the Woolwich series, and others from the 
Bagshot beds. In some parts of the world tertiary sand- 
stones attain great importance. Sandstones of miocene age 
constitute a considerable part of the Himalayas. As an 
appendix to the rocks of this group we may place Tripoli, 
a fine white pulverulent deposit, which consists almost 
exclusively of the siliceous skeletons of diatoms. 

The mud of the river Parret (which runs into the Bristol 
Channel) affords the material of which ' Bath bricks ' 
made. This mud has been stated to consist almost wholly 
of the remains of diatoms. Microscopic examination, how- 
ever, disproves the statement, and shows that diatoms form 
but a very small proportion of the mud,' 

' .See also ' Geology of the Weald,' by W, Topley, Mem. Cii'l. 
^urv. Eng. iSf Wain, p. 371. 

* Geolc^ of East Somerset and BiJstol Coal Fields,' Mtmoxri of 
CseL Surzi. p. j6i. H. B. Wootlwoid, i8l6. 
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^:j .'.':, vyr/i'rtirfi*:b of carb :i.a:t :■:' iir^t : izii zi'Xr :c iea 
'^iri/'/:jii',tou^. rriitier is is rr.s^T cssies prtsenL Tnar 
'oairs':rj':*H of t';.>t-re is mini]}* depcDder: -t»:c iDt ^Deiw- 
fj'TV-, of lli'j sarri which often ojcr-iis i:: tieziL "'^'hicnee 
ifotij ?>:iij'J, ihtv are Ubualiv of nr.e terr^rt. Tber hiTe all 
oiJ;^ifj:j||y l/ccn 'iqxjsited as mud :n iao?t insriZces ii Ae 
l/oUorn of ih*: s'.-a, in others at the bonozis of Iskesoras 
rji:lt;i'>, ;ind, exceptionally, over land, when remponrDy 
fioo']<:rJ l>y the overflow of rivers, as in the CLse of r:e Nile. 
(Jl.iy 'l»:|)osil.s often have a well -laminated stn:cr»::Te. and. in 
th' ()M*r ^M-olo^Mcal formations, have assumed a more or less 
\\A\\\AU-i\ I hanicter, frefjiiently accompanied by a tendency 
lo -.plit ;«Iofi^', the jilanes of bedding. Ver\- often anoiha 
.'iiwi more siion^ly-marked fissile structure is suT:»erinduced 
in dii(:< tioMs cutting across the planes of stratincation at 
v.irioiis ;m/.',Ii-s. This is slaty cleavage, described at page 35- 
'I hoic afyjllaceoiis rocks which si)lit parallel with the planes 
of lainination or beddini^ are called flags, but the term flag 
i . applied to a rock of any character which splits along iti 
hc<l(lin^ into large flat slabs, and consequently it is common 
h) hnd the term used to denote sandstones which are sufii- 
i icnily fissile, when (luarried, to yield slabs or flags. To the 
.iii'lllaceoiis rocks which sj)lit in directions other than that 
«)/ /K-dding the term sVa\c \s v^avcw. '^»\:^^\,\Tv x^vs* ^'sfcA^ 
trim is also applied lo Toe\.s nvWvcXx ^v^^t ns\^^\^ ^x...^^^^- 
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|r slate. The CoUyweston slates, calcareous sandstones of 
inferior oolite, and the green-slates of the Lake District, 
ch have been mapped as volcanic ash by the Geological 
vey, are examples of the application of the term slate 
indicative of fissile structure, and not of lithological 
jacter. 

Cambrian slates. — These are very important rocks, 
>rding compact roofing-slates of admirable quality, mostly 
a dark purple or greenish colour, and capable of being 
It into very thin and large slates, exceedingly free fi-om 
ites, which is common in many slates, but, from its 
:omposition, is most detrimental to them as roofing 
teriaL The slates of the Penrh}-n and Bangor and of 
: Dinorwig or Llanberis quarries in North Wales are of 
mbrian age. ' 

Silurian slates and flags. — The Skiddaw [lower Silurian 
tes of Cumberland], are black, or dark-grey rocks, which 
; often traversed by many sets of cleavage planes, causing 
5m to break up into splinters or dice, so that no good 
>fing-slate can, as a rule, be procured from them. The 
5t lower Silurian slates of North Wales are quarried in 
i Llandeilo and Bala beds. They are black, dark grey, 
d pale grey. Ffestiniog, Llangollen, and Aberdovey are 
long the principal quarries. The cleavage in these rocks 
often wonderfully perfect and even, so that occasionally 
.tes ten feet long, six inches or a foot wide, and scarcely 
Lcker than a stout piece of cardboard, are procured, 
lese remarkably thin slates are tolerably flexible. The 
•per Silurian rocks also afford good slates and flags in 
rtain localities, while the rough material serves for local 
lilding purposes. In many parts of the English Lake 
Lstrict the houses are commonly constructed of rough 
ttes and flags derived from the Bannisdale and Coniston 
riesi The quoins of the better class o^ t\v^^^ VQv\sfc'5> ^^^t 
so built of a iigbt'Coloured freestone, and \)cv^ ^<£^^\'a^ 
1 28 good, although sombre. Silurian s\aU^ a\^ Q^^.rcv^^ 
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in Scotland in Invcmess-shire, Perthshire, and A 
shire ; also at Killaloe and some other localities 
land. 

Devonian slates of a grey colour are worked in Cornwall, 
at the Delabole and Tintagel quarries, and in Devonshire, 
in the neighbourhood of Tavistock, at Wiveliscombe and 
Treborough in Somereetshire, and in other parts of llie 
United Kingdom. 

The carboniferous flags are quarried for roofing and 
paving purposes at several places in Yorkshire, Lancashire, 
and other'counties, where carboniferous rocks occur, and 
are mainly procured from the coal measures. They are <^J 
dark-grey colour or black, and are principally used in ti 
neighbourhoods where they are quarried. 

There are no true clay slates of later age in Great Brits; 
but in o[her parts of the world slates of even tertiary t 
occur. 

Of the clays, used in this country for economic purpoaj 
may be mentioned the china clays or kaolins of Cora 
which have been formed from the decomposition of I 
felspathic constituents of granite ; the Watcombe day, v 
occurs in the trias, and is now used in the manufacture J 
terra-cotta pottery ; the calcareous liassic clays, used 1 
brick-making and burning for lime and hydraulic cemeDtV 
the various clays of oolitic and neocomian age, some t, 
which are used for brick-making, &c ; the gault, the c 
of the Woolwich and Reading beds, and the London c 
all of which are used for bricks ; the celebrated Poole C 
dug at Wareham, which belongs to the Bagshot series, i 
is extensively used for pottery. The clays of the ] 
beds, lai^e quantities of which are annually shipped 11 
Teignmouth, afford good pottery-clays and pipe-clff(' 
TAere are also many br\ct-eaYl\\=, ani lia.-^^ o^ ^st-lertia^ 
age which are extensively usei ^ot tTn^-va^tvcvs^ otA. tr 
purposes. Fuller's Eart\i is a V^'^'^^'^^*''^^^"^^^ 
c\a.yey rock containing abo«\. ^ ¥^ '^' ' •''"'^ 
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cent, of alumina, 25 per cent, of water, and a little oxide of 
iron. It chiefly occure between the Inferior- and Great- 
Oolite, and in the Lower Greensand. The river-mud in the 
Medway and at the mouth of the Thames is largely used in 
the marufacture of Portland cement, after being artificially 
mixed with chalk and burnt. By the careful levigation of 
some clays, Dr. John Percy has eliminated minute, but 
beautifully-developed, crystals of kaolinite. 

Calcareous Group. 
{Limesloms.) 
These, in some cases, consist almost exclusively of car- 
bonates of lime and magnesia (magnesian-liraestones or 
dolomites), while occasionally they are very impure, con- 
taining a considerable admixture of sand, clay, and, in some 
instances, bituminous matter.' The British Silurian lime- 
stones are of comparatively little value, except for lime, 
locally emplo) ed for agricultural purposes. The Devonian 
limestones are, however, extensively used for building and 
paving, and some of them are well adapted for ornamental 
purposes on account of the richly coloured mottling and 
veinings which diey frequently exhibit. The carboniferous 
limestone is largely used for building, and is a very durabli; 
stone. Some of the highly fossiliferous beds constitute 
handsome marbles, the fossUs being white, and the rock 
itself dark grey, or almost black. Good encrinital marble is 
quarried at Dent in Yorkshire, and the stone is much used 
for chimney-pieces. The carboniferous limestone often 
contains bands and nodules of chert The magnesian 
limestone of Permian age ' is a very well known, and, when 
judiciously selected and properly laid, a very durable build- 

' The microscopic Btruclure of the \ivmc\'pa\ Y.u^'.^VmeSuawbs.Vii 

heen iletcribeii hy Mr. H. C. Sorby in h\s pie^vdeiiUsi aiiiieaa ^o * 

Gealo^cal Society, 1879. .^ 

- Beds of magnesian limestone aW occa^ ro *«■ cm'w.^*': 

one series in Derbyshire and elsevitete. 
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i;ig-stone. This is vmW shown in the keep of Conisborough-I 
CasUe and York Minster, which have both h>een built o 
Magnesian Limestone. The Museum of Practical Geology 1 
is fronted with this stone, and has stood well. The House; | 
of Parliament are also built of Magnesian Limestone. 
may here be observed that many hmestones contain only a I 
vtry small percentage of carbonate of magnesia, and since 1 
magnesia and lime are isomorphous, the amount of mag-j 
nesian carbonate in limestones may lluctuate from r 
traces to a ratio of CaCOj to MgCO^ =1:3. No si 
line of demarcation can therefore be drawn between t 
dolomitic limestones and the true dolomites, in which t 
ratio of CaCOj to MgCOg =1:1 giving the f 
composition as CaC03= S4'35. MgCOj = 45'6s for norm 
dolomite. 

The //flfjK- limestones (' cement-stones') are argillaceous, 
and are burnt for hydraulic lime. 

The oolitic limestones are so numerous and t 
such valuable building- stones that it is only possible V 
mention a few of those principally employed. These i 
the DouUing stone, belonging to the inferior oolite, I 
Bath-slones belonging to the great oolite, of which the 
chief kinds used are the Box Hill and Corshani Do«ti 
stones. The Ketton stone, belonging to the Lincolnshire 
oolites, is an exceedingly valuable building- stone, possessing 
great tenacity, working freely, and resisting atmospheric 
influences, even when placed in unfavourable situations. 
The Ancaster stone, which also occurs in the Lincolnshln 
oolites, is a less expensive stone, but is very durable. 
Portland oolites afford remarkably good stone, which | 
used very largely, and constitutes one of the most iinporiJU: 
building- stones in ihis country. The Purbeck llmeslones 
which, unlike the preceding, are of fresh-water origin, h 
been used for pa\i\ig ■, wta\e, m \ivt -aw^x -^wttA -Cv.^^ 
a compact limestor\e, ctQ™ded>«\v\v^<K.^\\^V.t\\^,tt'i**'i 
PaJudina, is knovro as Puibedt wbA.\c, Kt.i \^ \— 
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for architectural decoration, for some centuries. The 
Petworth or Sussex marble (VVeaklen) lias also been ajiplied 
to similar purposes. The oolitic limestones, as a rule, differ 
structurally frora the limestones of older and of more recent 
date, inasmuch as that they are usually aggregates of little 
spherical deposits of carbonate of lime, which have formed 
in concentric crusts around nuclei. These nuclei consist 
sometimes of a granule of sand, sometimes of the remains 
of a minute organism. The little spherules are seldom 
much bigger than a large pin's- head, and they are also 
cemented together fay calcareous matter. The narae oolite 
is derived from the egg-like or fish-roe-!ike appearance of 
the stone ; but oolitic structure, although characteristic of 
the limestones of oolitic aj;e, is, however, not exclusively 
peculiar to them, for well -developed oolitic structure occurs 
in certain beds of the rarboniferous limestone near Bristol, 
while it is also developed in the coarser pisolites or pea- 
travertines of recent date. The older limestones, such as 
those of the Devonian, carboniferous, and Permian forma- 
tions, are either granular or crystal line -granular, and the 
latter character is beautifully shown in certain limestones at 
and near their contact with eruptive rocks. The saccharoid 
statuary marbles of Italy are good examples of this struc- 
ture, and, when examined in thin slices under the micro- 
scope, are seen to consist of closely aggregated crystalline 
grains, in each of which polarised light reveals the existence 
of numerous twin lamellse, the twinning taking place along 
planes parallel 10 the face— ^R. It seems impossible, in 
many cases, to say whether this structure in limestones has 
been due to the metamorphism engendered by the contact 
or proximity of eruptive rocks, or whether it is owing to 
other causes, since we find precisely the same structure in 
the amygdaloids of calcspar which have been infiltered, into 
the vesicJes and crevices in basaAls, \ou^ altw 'Oc\€\\ wS>&Ss- 
cation : we dnd h in the fossUa oS iVie eV'aS*. a.t\^ -i^ ■^'^-^ 
formations, which iiave not had ihe o^v'^^'^'^'''^'^ o\\ie.^a«»' 



altered by the presence of intrusive rocks ; and we also find 
it in limestones, at and near their contact with eruptive 
masses, as already observed. The earthy variety of lime- 
stone, chalk, lias been stated to consist exclusively of the 
calcareous tests of foraroinifera. This, however, is not, 
always the case. Samples of chalk may sometimes be c 
fully levigated and examined, and foraminiferal remains n 
only be detected here and there, the greater part of tl 
matter having merely the character of an ordinary amor- 
phous precipitate ; while, again, other samples may be 
found to consist in great part or almost entirely of the re- 
mains of these organisms. Some writers have even gone so 
far as to express an opinion that nearly all limestones hare,, 
been formed out of the calcareous remains of foraminifeia^ 
corals, &:c. Jn controversion of these statements, Credna 
besides giving other good reasons, appeals to microscopi 
evidence, which shov/s, he observes,' 'that our ordinal 
compact limestones are by no means always formed I 
broken and finely-ground organic remains, but rather I 
little rhombohedra of calcspar.' On the other hand, '. 
ever, we are bound to admit that the fossils which occur i 
plentifully in limestones, at all events, represent somethii 
more than an insignificant proportion of their bulk, and i 
some cases seem even to constitute the greater part of ^ 

Cretaceous limestones, — The Kentish rag is mostly, 
very hard sandy limestone, and contains more or less d 
green glauconite, generally in fine, occasionally in coare 
roundish grains. Glauconite is stated to ! 
the cementing medium in these rocks, but more or less i 
bonate of lime is always present in this capacity, 
decomposition, the protoxide of iron in the glauconite 
converted into peroxide of iron, and the rock, under the 
c/rcumsUnces, assumes a Ted4is\\-\wci'«ti \iw^ Ktaai&wj.' 



Ehrenberg, the glauconite grains often fill, invest, or replace 
the tests of foraminifera. These rocks fonn very durable 
building' stones. Besides their use in ashlar work they are 
often laid in irregularly-shaped blocks, giving rise to a 
honeycomb pattern on the surfaces of the walls built of them. 
Kentish rag is chiefly quarried at Maidstone, Hythe, and 
Folkestone, and is extensively used for building in the South 
of England. It is derived from the Hythe beds.' Lime- 
stone, either as ordinary chalk or as subordinate beds of com- 
pact limestoae, represents a considerable part of the creta- 
ceous scries of rocks, while most of the cretaceous sandstones 
e very calcareous. The chalk attains a great thickness in 
■me parts of the kingdom ; the lower portion, termed the 
grey chalk or chalk marl, is generally slightly glauconitic at 
the base. The upper chalk contains numerous nodules, and 
occasionally bands of flint, which follow the stratification, 
although at times vertical bands of flint occur, filUng up 
what once were open fissures. Chalk, besides being largely 
burnt for lime, is also locally used for building. Certain 
■ hard beds occur in the chalk which are better suited for this 
purpose than the softer material 

7>rtwry limestones. — In the British Isles these are but 
poorly represented. The Binstead limestone, occurring in 
the Bembridge beds in the Isle of Wight, has, however, been 
extensively quarried, and has been employed in the con- 
struction of some of our early churches. In other parts of 
the world tertiary limestones often attain great thicknesses, 
and constitute important building stones. The pyramids, 
for example, are built of nummulitic limestone. 

There are many other interesting tertiary limestones, 
but want of space precludes any mention of them. 
Altered Sedimentary Series. 
With regard to the rocks of tins series it is dit&cil'. ta 
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say where alteration begins and where it ends, still r 
difficult in some cases to define the nature of the alteration. 
It is common for geologists to talk about altei ed slates where 1 
they show the slightest perceptible difference from slates ' 
which they regard as normal types, but it is often open « 
question how far the normal types are really normal, aod to 
what extent the microscopic crystalline constituents of these 
rocks are to be considered normal or of secondary origin. 
Von Lasaulx, for example, states a belief that some of the 
microliths in slates may be referred to hornblende and 
epidote, while the latest researches of Kalkowsky tend con- 
clusively to show that, in many cases, they are stauroiiie.' 

The rocks of the altered sedimentaiy series may be 
divided into 

A. Those with no apparent crystallisation. 

B. „ „ sporadic crj'stallisation. 
n-foliated. 



C CrystalUn. 



. foliated and schistose. 



Altered sedimentary Recks with n« apparent crystallisatia 
— In the case of limestones, a crystalline or crystallin 
granular condition frequently results from alteration, 
sometimes the change simply appears to cause Induntdoiiifl 
without developing any crystalline structure, as in some of J 
the Antrim chalk, altered by the proximity of basalt San^ 
stones, from the character of their constituent particles, \ 
hardly be included under this division of the altered sed| 
ments. The alteration which argillaceous rocks under 
without begetting any perceptible crystallisation consia 
mainly of changes which appear to be of a purely physid 
character, generally slight and difficult to describe 1 
gibly. Perhaps the best example of such alteration Is to li 
found in the so-called porcelain jaspers, clays, or shal 
-which have been baVed, ek\\e.t\i'j ^J^eui-Ktoxiwktiwa^ ^^ 
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coal-seams or by the contact or proximity of eruptive rocks. 
Porcelain jasper has a fused or fritted appearance, a slight 
gloss, and the different bands or lamina often assume 
strongly- marked differences of colour, in which dark green 
and brick-red sometimes predominate. 

Altered sedimentary Rocks wit/i sporadic (rystallisation. — 
In these rocks the development of the crystals ts often very 
imperfect and obscure ; in some cases, however, the crystals 
are distinct and well-developed. 

The sporadic crystals which occur in altered limestones 
are varieties of pyroxene, usually coccoUte, hornblende, 
garnet, sphene, tourmaline, spinel, phlogopite, chlorite, talc, 
&c., but the limestones themselves, in which these crystals 
occur, almost invariably have a crystalline structure en- 
gendered by nietamorphism, and consequently they should 
rather be placed amongst those altered sedimentary rocks 
which have a crystalline stmcture. 

The altered slates frequently exhibit sporadic crystalli- 
sation. The crystals developed in them are usually silicates 
of alumina, such as staurolite, andalusite, chiastohte, &:c 

Chiastolite slate occurs in the neighbourhood of granitic 
masses, as in the Skiddaw district in Cumberland, where, 
according to J. Clifton Ward, ' on approaching the altered 
area the slate first becomes faintly spotty, the spots being of 
a somewhat oblong or oval for.n, and a few crystals of chia.s- 
tolite appear. Then these crystals become more numerous, 
so as to entitle the rock to the name of chiastolite slate. 
This passes into a harder, more thickly-bedded, foliated and 
massive rock, spotted {or andalusite) schist ; and this again 
into mica schist of a generally grey or brown colour, and 
occurring immediately around the granite.' ' The chiasto- 
lite slates are mostly of dark grey or bluish-black colour, and 
contain pale yellowish -white crystals of chiastolite, some- 
times TaoTe than half an inch in \e't\?,fo- TV^^'wi'^swi^ 

' 'Geology of ihe Northern PaYl o^ vVt Y.ii^^*i V;a^'^"^'«'"^ 
t^«mrs e/tAe Geoi. Surv. Sngland and Walts, «!&. 'iJ- 'i- 
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verse section often show a dark central spot and, occasioi>< 
ally, the chiasmal interpositions which characteiise 1 
mineral. 

Staurolite slate is a dork micaceous slate containii^ 
crystals of staurohte ; in some localities passages have beei 
observed from this rock into andalusite slates. 

In some altered slates the staurolite is so imperfectlj" 
developed that it merely appears in roundish or lenticular- 
knots or lumps, which exhibit no approximation to crystaU, 
line form. 

The knoten- frucht- garben- and fleckschiefer of Ger- 
man petrologisis consist of micaceous slates containing 
small irregular concretions or little lenticular or ovoid bodies, , 
which, in some cases, may be referred to andalusite, but ii 
many instances they are shown by microscopic examinatioB< 
to be aggregates of small scales of mica, carbonaceotta 
matter, quartz granules, and other constituents of the rock^ 
in which they occur. 'I'hey are often surrounded by f^xun 
ginous stains resulting from decomposition. The detec 
mination of the precise character of these bodies is often { 
matter of considerable difficulty. 

Want of space precludes any description of other intei* 
esting rocks which belong to this group. 

Altered Sedimentaky Rocks (Crystalline). 

These rocks may be divided into {A) non-foliated, 
(if) fohated and schistose groups. 

A. Non-foliated Group. 
Under this head come the limestones in which a crystal 
tine structure has been superinduced by the proximity o 
eruptive rocks. This structure differs, in no essential respect^ 
from that of the crysia.\Une\™es\oT\e&&e.scifce.iTi.v-s(B^-Ai 
The sporadic crystals, wViicVv someCTOves wk-mx is\ *«cbs.Not 
kriones,arecoccolite,tiemofec,touTm^v^^'^v«^eM« 
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dite, spinet, garnet, mica, chlorite, &c. Those crystalline 
limestones which are suitable for ornamental architecture 
are termed marbles, and many marbles are rocks of this 
kind, which owe their crystalline character to alteration by 
intrusive masses ; still there are also many in which the 
crystalline structure is not due to this cause. The term 
marble is, however, very loosely employed, and may be 
generally taken to signify any rock which takes a good 
polish and is employed for decorative or architectural pur- 
poses. It is impossible, from want of space, to allude even 
to the most important marbles.' 

Quartiiie is a compact crystalline-granular aggregate of 
quartz, either in irregular crystalline grains, or in well- 
developed crystals. Some quartzites exhibit a schistose 
structure, which is partly, or wholly, due to the presence of 
small quantities of mica, the scales of mica lying in the 
direction of the fissile planes in the rock. These schistose 
quartzites may therefore be regarded as mica schists poor in 
mica. 

Lydian-stone (basanite, touch-stone, kieselschiefer) is a 
dark-coloured, generally velvet-black or brownish-black 
rock. It ii an altered sandy slate. Under the microscope, 
it is seen, in great part, to consist of crystalline grains of 
quartz mixed with particles of argillaceous, carbonaceous, 
and ferruginous matter. The percentage of carbonaceous 

:ter is sometimes considerable, and accounts for the 
extremely black colour of the rock. Lydian-stone is often 
traversed by small veins of crystalline quartz, and frequently 
contains a litde pyrites. 

B, Foliated and Schistose Group. 

These rocks which are commonly designated crystal- 

' Goad accounis of the Italian iQM\Aea -wftWie loMt.S.Xa'&fc Ofi^Vii 
Ca^aU^f e/ fit ExhibiHon of 1862, 'Kinstlom Q^ W-^A^; «''*™^^\^ 
"- -Fjd in Tie Miiural Jiesmrees of Coitrot Imb.'o-s"^ -^-^"^ 



2CJ4 Descriplii^e PdroloQi. 

line schists, afford, perhaps, ihe best-defined Instances 
metaraorphism, in the sense in which that tenD is usual 
applied. They are generally characterised by the present 
of one of the following minerals, hornblende, mica, cliloiit 
talc, and occasionally schorl ; but gneiss, described under ti 
granitic rocks at p. 210, has the same constituents 1 
granite, and is in many, if not in nearly all, instances, all 
an altered sedimentary rock. How far its foliation alwa) 
represents bedding, is, however, a point which does not y 
appear to be fully demonstrated. The term gneiss has bet 
apphed to many rocks which have not the same minen 
constitution as granite, and which should rather be refene 
to homblendic, and other, schists, into which, however, gnei 
sometimes passes. There are many varieties of gneiss, t 
which the most important were alluded to under the g 
nitic rocks at page aio, more on account of their miner 
constitution than of their origin, mode of occurrence, a 
structure, which latter would entide them to be placed i 
this group. 

GneiiS^ is a foliated crystalline aggregate of the s 
minerals which constitute the different varieties of granirt 
typically, of orthoclase, plagioclase, quartz, and mica. Thes 
minerals are arranged in more or less distinct layers or folii 
which are approximately parallel to one another. The niia 
especially, forms very distinct, although thin, bands, and it i 
to this arrangement of the mica that the schistose and oftei 
fissile character of the rock is due. Sometimes the mica i 
a potash, sometimes a raagnesian mica, and, at others, bot 
kinds are present Gneiss varies in colour, the orthoclase i 
some varieties being red, while' in others it is white ( 
greyish. These different rocks are on this account d 
nated red gneiss and grey gneiss, and it has been shown, I 
analysis of some ot the mosX. tY9\ca.\ eia-vw^las, which ( 
in the neighbourhood ot ^TetoCT?,, 'CtviA. *v«t \ 
chemical difference beVween itvero, -^m: ^^i ^^^^'^ « 
1 Sec also ¥»«,« ''■^'^- 
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^^Hi 75 to 76 per cent of sQica, whDe tbe grey Tarieu- pos- 
^5*S6es only firom 65 to 66. From these ana^rses the per- 
of the constitnent mmerals in the two rocks have 
deduced as follows : 

lEled gneiss : orthodase =60, quartz = y> micas 10 per cent. 
Greygndss: „ =45, „ =25 „ =30 „ 

The above represent extremes of variation, while 
Numerous transitional conditions of gneiss exist between 
'•hem. 

In some varieties of gneiss the mica, instead of lying in 
l^arallel folix, wn^ round lenticular aggr^ates of felspar 
and quartz, or roimd crystals of orthoclase. These varieties 
aie termed pseudo-porphjrritic gneiss, eye gneiss {augen 
gndss\ wood gneiss, &c. 

Oligoclase, dichroite, garnet, micaceous iron, magnetite, 
and chlorite sometimes occur plentifully in gneiss, so that 
they impart a distinct character to the rock, which is then 
accordingly termed dichroite gneiss, magnetite gneiss, &c 

Protogine gneiss, — This rock has aheady been described 
at page 212. 

Syenitk or hornblendic gneiss has the same mineral 
constitution as syenitic granite. The felspar is, in great 
part, represented by oligoclase. It is a rock of very exten- 
sive occiurence, and passages have been observed from 
hornblende gneiss into hornblende schist 

Granulite^ or leptinite is a schistose rock composed of 
orthoclase or microcline, and quartz, and contains, as a rule, 
numerous small garnets. When mica is present the rock 
assumes a more or less schistose structure, and passes over 
into gneiss-granulite, or gneiss. Schorl is of common 
pccurrence in this rock The margins of granitic masses 
sometimes approximate very closely in character to, or are 
even identical, in mineral constitution, with, granulite. WK^tv 
this is the case the rock must certainly "be etM^\\N^^ >\\^^^^ >X 

' See also page 210. 



can be regarded as an alteration of adjacent sedimenlary 
rocks. At Brazen Tor, on the western margin of Darmioor, 
the granite assumes quite a granulitic character, so far as iB 
constituents are concerned, although it shows no foliatioaof 
schistose structure, while the eruptive rock which intervena 
between it and the sedimentary rocks seems to preclude ihe 
idea that its origin is other than eruptive, and that ii is 
anything more than a phase of the granite.' The schistoa 
varieties of granulite must, however, be regarded as altered 
sedimentary rocks. 

Erltiix rock occurs in mica-slate at Erlhamtner, neu 
bchwarzenberg, in Saxony, It is a fine-grained or compaci 
aggregate of garnet, albite, and quartz, and occupies a place 
intermediate between granulite and garnet rock. 

Porpliyroid. — Under this name are included certain 
altered sedimentary schistose rocks, consisting of a fine- 
grained matrix of felspar and quartz, and containing a large 
quantity of a sericite-like or micaceous mineral. Within 
this matrix lie numerous crystals of felspar (orthoclase or 
albite) and rounded grains or crystals of quartz. The pot- 
phyroids occur interbedded with other old sedimentary 
rocks. 

Seruite-Schiit. — This is a schistose rock closely allied to 
the porphyroids, and consists of sericite, fragments of quartz, 
albite, and usually more or less chlorite and mica. There 
are two varieties, the green and the red, which diifer some- 
what in composition, the former containing much albite 
and little or no mica, while the latter contains mica and 
very little albite. In some cases the rock is rich, in others 
poor, in quartz. The very fine-grained, compact var' 
in which the constituent minerals cannot be distinguished 
by the naked eye, are termed sericite-slates or sericile-phyl- 
lites. Occasionally augite may be detected in some varieties 
of this rock, which, in sac^^ cases. ^-"^ e.-i\itTAVj ^\«.?.> 
diabase-^-' ' '=! or luffs, . r , ■=. 

,,yj, .tool' Tot;M.™»-Jc™'-^ 



Mica-Schist is an aggregate of mica and quartz. The 
relative amounts of these two mineraJs varies considerably, 
some varieties of the rock consisting almost wholly of mica, 
■while others are composed almost wholly of quartz, and 
contain only a very small proportion of mica. The latter 
approximate aJid pass into quartz-schisL All of these rocks 
have a schistose structure due to the parallel arrangement 
of the crystals and scales of mica. The mica in these 
schists is sometimes silvery-white potash-mica, sometimes 
dark magnesian-mica, but the former is by far the most 
common. The quartz is in small grains, often of a flattened 
or lenticular form, and it is very usual for the quartz and 
mica to constitute alternating parallel layers, so that the rock 
exhibits more or less distinct foliation. The percentage of 
silica in mica-schists varies according to the amount of 
quartz which is present, the extremes of fluctuation being 
between 40 and a little over 80 per cent. Garnets are of 
common occurrence in these rocks, and numerous other 
minerals are met with as accessories, such as tourmaline, 
hornblende, kyanite, staurolite, felspars, epidote, chlorite, 
talc, magnetite, pyrites, specular-iron, gold, and graphite. 
When certain of these minerals preponderate, the rocks pass 
over into schists of a different character, to which special 
names are given. In some of these rocks calcspar or dolo- 
mite partly or wholly replaces the quartz and films of argil- 
laceous matter; chlorite and sericite are also present at 
times. Such rocks are known as calcareous mica-schist, 
calcareous chlorite-schist, &c. 

Itacolumite is a somewhat schistose, micaceous sandstone 
consisting of granules of quartz and scales of mica, talc, 
chlorite, &c. The rock is flexible, when in ihin slabs. It 
occurs in N. America and Brazil, and contains, amongst 
other mineraLs, gold and diamonds. 

C^n'te-SMst usually occurs TO\.efee6&e& '^'^ ■ssr»s. 
and with other metamorphic tocYs. "Vt \^ "A *■ ^^*^_^^ 
greenish.grey colour, and, as a raVe, cao».^^s•«^'e^^'^'^ . 
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scales of chlorite closely matted together. Quartz, howevaj 
is usually present, and felspars, mica, and talc are s 
common occurrence. Sometimes k exhibits a fine-g 
and evenly- cleavable slaty character (chlorite-slate), but tl 
coarser schistose varieties usually have a somewhat imperfeef 
or irregular and wavy, fissile structure. The chlorite-schist 
are frequently rich in accessory minerals, among which n 
be cited mica, hornblende, actinolite, schorl, epidote, spheu 
corundum, garnet, rutile, specular-iron, magnetite, pyriia 
copper-pyrites, and gold. 

Tak-Schist consists of scales of talc with a small adm 
ture of quartz. It is a greenish, greyish-white, or yellowi 
white rock, very soft, and has a smooth greasy feeling whd 
rubbed with the fingers. Chlorite and 
present, and sometimes a little felspar. The rock conta 
as accessories many of the minerals which occur in chloiil 
schist, in addition to which may be mentioned asbesta 
hydrargillite, fahlunite, gahnite, chlorospinel, &c. 

Potstone is a soft, sectile, greenish-grey rock, compt 
of chlorite, talc, and serpentine, used in Italy for the maot 
farture of cooking-pots. 

Schorl- Scidst is mainly composed of schorl and qui 
and often shows well-marked foliation, the greyish crystlil 
line-granular rock being traversed by approximately p 
thin black bands of schorl which are often more or ]ej 
contorted. Cassiterite very commonly occurs in this i 
also mica, chlorite, felspars, topaz, and arsenical pyrites, 

Schorl rock is a granular, non-foliated rock of similj 
mineral constitution. 

Ampkibolite-, Hornblende-Schist consists of hombletu)! 
and quartz. The latter mineral is often present only 1 
small quantities. It is a dark greenish-grey or iron-grey rt 
and when quartz is absent, and it consists exclusively t 
a/tnost exclusivdy ot Vvor[v\j\en.4e,\x. Ss. ftiftw \'awve&, Ti35.-i&\| 
boJite. Some of these a-m^VtooVrtRa w>i ^^.■^_^^*«^ 
tni];' eruptive roclts. Tltiehoni'QXeoie - - 
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at others in radiating prisms or in a fibrous condition. 
Magnetite is common as an accessory, and felspars, garnet, 
bioiite, epidote, and pyrites are also met with, although they 
are always subordinate constituents. 

Actinolite- Schist may be regarded as a variety of horn- 
blende-schist 'i'he constituents are actinolite and quartz. 

For an account of the artificial production of scliistose 
structure, see Daubree's ' Etudes Synth^tiqtjes de Gik)logie 
Experiraentale,' p. 407. 

Coarse Fragmental Rocks. 

These may be divided into Breccias and Conglomerates. 
They consist of materials derived from the waste of various 
rocks and are made up of fragments either angular, or sub- 
angular, or of rounded, waterworn pebbk-s or boulders. 
Similar but much finer material constitutes many of the 
sedimentary rocks, and it is merely in the sisie of the frag- 
ments that many sandstones, grits, &c., differ from breccias 
and conglomerates, the former being as much entitled to be 
placed among the fragmentary or clastic rocks as the latter. 
This view is very clearly represented by Nauraann's classifi- 
cation of the clastic rocks,' which he divides into the 
psephitic {from i^-Af "c, a small stone) ; ihe psammitic (from 
iW^/ioe, sand); and the peliric (from irijXdc, mud). The 
psammites and pelites of the two last groups are respectively 
represented by the various sandstones, arkose, &c., and by 
the tuffs which have already been described in conjunction 
with the rocks from which they have been derived ; so that 
it on!y remains to describe the breccias and conglomerates 
which constitute the psephiric division of the clastic rocks, 
although the coarse materials of the latter are often mixed 
with or cemented by psammitic and pelitic matter. 

Breccias. 
TTie ireccias differ from the cong\omwa\.t?,Ssiwi-ft<-s!o».'^' 
' So named froia KMwTis.btoVtti- 

i. 
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of angular or sub-angular fragments, instead of rounded 
water-worn pebbles or boulders ; but it often happens that 
these coarse clastic rocks have a mixed character ; consisting 
partly of angular and comparatively unwater-wom, 
]jartly of rounded water-worn materials. To sucli rocks the 
name breccio -conglomerate is sometimes given. The frag- 
ments of which breccias are composed are usually large 
enough to permit the recc^ition of their lithological cha- 
racter. They are often derived from various sourceSj frag- 
ments of sandstone, quartz, jasper, and various eruptive 
rocks being common, while occasionally they consist of lime- 
stone fragments, or of broken pieces of bone, as in sol 
the bone-breccias which occur in cave -deposits. The gens 
rally angular character of breccias indicates that the] 
have been formed at or near the spots where they occur ani 
that their materials have never travelled far. They may b< 
formed from the superficial disintegration of rocks in Ihd 
immediate vicinity j they may represent talus and nibbisl 
heaps which have been subsequently cemented by the inCllrS 
tion of calcareous, siliceous, or ferruginous matter j they ma 
result from the breaking in or ' creep ' of rocks with whic 
soluble deposits have been interstratified and subsequent] 
dissolved out, as in the case of 'Cne haselgebirge, occurring J 
the Northern Alps, where, from the removal of underlyin 
salt beds, a breccia has been formed, consisting of fragment 
of various rocks imbedded in a matrix of clay. 

Breccias may also result from the bieaking-away of s; 
fragments from the sides of fissures (friction brecciaj 
! through which dykes of eruptive rock have been subs 
■ quently injected, or into which mineral matter in solatia 
^ may have subsequently filtered. The latter condition is 
\ ynTy common one, and may be well observed in some mcta 
K liferous lodes. In such cases it is rwit imusual to find l' 
B- fragments enveloped in succfc?,^\xe, i^-^As. <A ««.«(e 
I bo-,eml Character. -^^^ ^^^^^^'^^'^^ V^^,^^^ 
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moraines of glaciers, and the angular unworn rubbish 
dropped by the melting of icebergs, may also give rise to 
deposits which may be regarded as imconsohdated breccias. 
Sometimes, also, they are formed at the bottom of lava-flows, 
the once molten rock having caught up and enveloped frag- 
ments of various kinds and sizes; and, finally, coarse volcanic 
ejectamenta may also constitute rocks which may justly be 
described as volcanic breccias or agglomerates. 

Some breccias, when polished, are well adapted for 
ornamental purposes. They occur in formations of different 
ages, and have an especial geological interest as indicating 
either the local disintegration of older rocks, or the transport 
of materials from distant countries by glacial agency. 

Conglomerates, 

These are composed of pebbles or boulders which have 
been either carried by rivers, or washed about on shores, and 
consequently rounded by .attrition. The process of round- 
ing is constantly going on in the beds of our rivers and 
along our sea-coasts; and the beaches which are formed 
along our shores would, if cemented, become true conglo- 
merates. The materials composing conglomerates are, like 
those of breccias, of very variable character, being derived 
from many different sources, but they are mostly formed 
from rocks of considerable hardness, since softer fragments 
become totally disintegrated by constant trituration and 
abrasion. The beaches now forming on the south-eastern 
coasts of England are in great part composed of pebbles 
which have resulted from the wear and tear of flints derived 
from the chalk-clifTs. The puddingstone of Hertfordshire 
consists of flint pebbles, held together by a siliceous cement 
The nagelfluhe, formed on the northern flanks of the Alps, 
consists, in great part, of limestone faa^Kie.uls,-?W&^ -ci-asL^i 
with fragments of quartz, granite, gnea^, St'^" "^^^ "^^^^ 
red conglomerate (Keuper) consists mavti'i o't V^^i^^ '^ 



joa Descriptive Petrology. 

boulders of carboniferous limestone, usually cemented by 
dolomitic matter, whence U is also called dolomitic conglo- 
meiate. The pebble beds of the Buncei are formed to « 
large extent of pebbles of quartz and quartzite, in a luaim 
of sandstone. Conglomerates occur at the base of the old- 
red-sandstone in Caithness and elsewhere. These contain 
not merely pebbles, but large boulders, and the deposit is 
considered by Prof. Ramsay to be of glacial origin. Con- 
glomerates are sometimes used as building-stones. The 
dolomitic conglomerate of Triassic age which occurs in ihe- 
Mendips consists of pebbles and small boulders derived 
from old -red-sandstone and carboniferous rocks and the 
cementing material is often, but not invariably, dolomili& 
Conglomerates have a special geological interest, inasmuch 
they usually represent old sea -beaches, and consequently ini^ 
cate the former existence of coast lines. There, are, howt 
instances in which they may not represent littoral deposits. 

Calcareous Tufas. 
Calcareous tufa, travertine, pisolite, osteocolk, &c., i 
deposits formed by the chemical precipitation of carboniv 
of lime from waters holding bicarbonate of lime in 
lion. Deix>sils of this kind are generally formed i 
valleys of limestone districts. Any foreign bodies whi* 
occur in the solution from which the precipitation i 
place, become externally incrusted, just as kettles a] 
boilers become furred internally with carbonate of lin 
Successive deposits are thus formed, and the result is a ligl 
and often spongy rock, in which more or less distinct laye 
represent the successive deposits. Twigs, leaves, and oth 
objects become, in ihis manner, incrusted with carbonate i 
lime ; and a small trade is carried on at Matlock, Knare 
borough, and elsewhere, by submitting natural and artifid 
objects to tbe incmsvvna vtAMeace ti\ ftit ■kivct'*, 
petrifying-wells, as t\\C7 aie ^ernvti. TV^^ x^^xwj <A ^ 
flamed osteocoUa coA^aS^te «^ -^c^«->^^ ^-^V^-^ ^- 
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twigs and mosses, while pisolite is composed of little pea- 
Uke spherical concretions of carbonate of lime around small 
nucleL The oolitic limestones have been formed to some 
extent in a similar manner, although under very different 
circumstances ; the latter representing marine deposits, and 
consisting largely of comminuted organic remains, while the 
ordinary calcareous tufas are usually formed in valleys, and 
constitute, as a rule, deposits of very limited extent. In 
Italy, however, some extensive deposits of travertine occur, 
especially at Tivoli, where the waters of the Anio have formed 
beds of tufa four or five hundred feet in thickness.* 

Calcareous tufa is sometimes used as a building-stone, 
and appears to be very durable, even in old Roman edifices. 

Silicemis Sinters, 
These are rocks formed by the deposition of silica from 
the waters of hot springs and geysers. Geyserite is a snow- 
white siliceous sinter of this kind which occurs incrusting 
the pipes of geysers and forming tolerably thick deposits on 
the adjacent ground over which the water of the geysers is 
ejected. The deposits of siliceous sinter at Rotomahana, 
near Lake Taupo, in New Zealand, are perhaps the most 
wonderful in the world. At this place the thermal waters 
charged with silica in solution flow down the hill-sides, 
forming snow-white terraces of siliceous sinter. The in- 
fluence which thermal waters, holding silica in solution, 
have exerted upon many of our older rocks, is a question 
which well deserves the attention of petrologists. 

Mineral Deposits constituting Rock-Masses. 

Rock-salt, in some districts, constitutes deposits of great 
thickness : coal also forms beds or seams of variable thick- 
ness in the carboniferous series, and in rocks of oolitic and 
miocene age in certain countries. 

' LyeWs J'rinctples of Geology^ 90:v edVVAOtv, ^. i^a- 



Gypmn sometimes fonns beds of considerable thickiie» 
ln» oKS occasionally occur in Urge masses, as In tbe cast 
of tbc PiiM Kooky, Hissouii, which consists almost wboOf 
of bemttnc, of some of the large deposits of this ore ti 
N'orbog and Langbaoshytta in Sweden, Gellivara in I^ 
hnd, aad SBntander in Spain, and of the extensive depoais 
of limooitt and clay-ironstoae which occur in various para 
of the worid. Felspars, such as labradorite, sometime 
constituic. by themselves, rock masses of considerable ihid- 
ness and extent In I^brador, rocks consisting chieBy 
labradorite fonn large and important beds. Various metalBc 
ores at times constitute lodes and beds of considerable 
magnitude. 

The deposits of cinnabar in Spain, of zinc ores in New 
Jersey, U.S., and in the Har^ ; of copper in the Late 
Superior district, and of other minerals of the heavy melals 
which occur more or less plentifully in all [tarts of the world, 
the deposits of rock-salt in Russia, Poland, Gallicia, Ga- 
many, Austria, Spain, England, Algeria, Abyssinia, and in 
various parts of America, the phosphatic beds met with in 
certain formations, and the imporiant occurrences of coal, 
lignite, bituminous schists, asphaltum, and petroleum, are 
matters which can be studied in most geological, minera- 
logical, and mining books. 

Ice, which must be regarded as a rock, occurs in thick , 
iind extensive sheets over the Arctic and Antarctic regions, ' 
while perennial snow exists at great elevations, even at thei 
pi[Uiilor. Ice is sometimes interstratified with sands, &c., 
ni in some parts of Siberia. Deception Island, in New' 
XovHh Shctlniid, lat. 61" 55' S., is principally composed of 
*llvnutc layers of volcanic ashes and ice, and similar^ 
(tlWttAtioiU of beds have been observed on Cotopaxi, while 
* l*»K« (llfti'lor has Iwcii discovered by Gemmellaro, beneath 
«J4\1l«ll^'«t», ttt tWfwrtoC \.Ke\v\^'ne?,\.co™QtEit\a. The 
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glacier to a mass of snow having been covered by a badly 
conducting layer of volcanic ash, scoriae, &c, prior to the 
eruption of the lava which now caps the glacier. Ice 
exhibits stratification in the upper portions of glaciers, but 
the motion of the latter in their descent to lower levels 
gradually obliterates these traces of bedding. Glaciers and 
ice-sheets, in creeping over the subjacent rocks, scrape them 
into smooth, hummocky forms, termed roches moutonnkes^ by 
means of the stones, gravel, &c. which get imprisoned be- 
tween the ice and the rock-surface over which it moves. 
The phenomena of glaciation will be found fully discussed 
in many books and papers which have been published on 
the subject during the last ten or fifteen years. 
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Since this book was written, Mr. Watson, of Pall Mail, has, at 
my suggestion, constructed a microscope specially suited for 
petrological work. 

This instrument is in one respect decidedly preferable to the 
microscopes commonly made on the Continent, inasmuch as it is 
supported upon trunnions, like the ordinary English microscopes, 
and consequently allows of any inclination of the working part of 
the instrument. The foot, up to the trunnion-bearings, is cast 
in one piecp, after the mode! of Ross, Crouch, and other well- 
known makers. Upon this a brass limb is suppOTlcd, The 
limb, below the trunnions, is cylindrical, and carries an ordi- 
nary mirror with a jointed arm. The limb, above the axis, 
de5C'il:>es such a curve as is most convenient for lifting and 
carrying the instrument, without incurring any risk of strain to 
the working parts. The upper portion of the limb is planed 
to receive the rackwork, which constitutes the coarse adjust- 
ment, in a manner similar to that employed in the construc- 
tion of the Jackfon-pattem microscopes, as in the insltumenls 
by Beck. The tube or body carries ihe rack, and, by it, is 
moved against these planed surfaces, for focussing. At the 
lower end of the lulie, immediately above the thread which 
carries the objective, a slot is cut to receive a Klein's quarts 
plate. The quartz plate is in a small brass mount, which fits 
this slot, and can be removed from the instrument at pleasure. 
At such tim.-s a revolving collar can be turned over the aperture. 
The eye-piece, at the upper end of the tube, is made with a 
disc, about I J inch diameter, having its outer ed,^e divided, and, 
inimedlaiely above this, a simWai iist, r.OTitieK.\E.i'«'\*v 'Co.e, »=s* 
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piece analyser, revolves with an index, so that the analyser ci 
be set in any desired position, or the amount 
iinpaited to it can be recorded. The eye-piece is also fumiabe 
with crossed cobwebs for centering. A space is left betwett 
ihe bottom of ihe analyser a.nd the eye-glass, sufficient t< 
the introduction of a plate of calcspar for stauroscopic ei 
tions, and an eye-piece-fitting, without lenses, is also supplied 
so that the instrument can, by the superposition of 
lenses over the polariser, be used for viewing the systems (j 
rings and interference crosses, presented by crystals whed 
examined by convergent, polarised light, The polarising prisa 
is mounted upon a movable arm, beneath the stage, and carriC 
a graduated disc, so that it can be set in any desired directiOT 
or be instantly displaced when ordinary illumination is requisibj 
The stage of the microscope is circular, and can be rotated a; 
centered. It is divided on silver to half degrees, and a vernier l| 
attached to the front of the stage for goniomecric purposes, 
has also two rectangular, divided lines, to serve as a find 
The centring is effected by two screws working against a spriiU 
on the opposite side. These screws enable the observer H 
centre Ihe instrument for any objective. They are convenientH 
situated, so as not to be liable to derangement during t 
ordinary manipulation of ihe instrument. The fine adjustmei 
carries a divided head, for the approximate measurement i 
the thickne5S of sections. The body of the microscope c 
be clamped in any position by a lever, attached tc 



In the instrument which I have examined the adjustmen 
work very smoothly. The thread for the objectives i; 
now, almost universal gauge, sothat any English objectives a 
be used. Foreign ones can also be employed, by means of a 

The engraving on page 306, for which I am indebted ti 
Watson, shows tine general plan upon which the instrument ^ 
constructed. The smaller 6gures represent the tjuartz plaS 
the calcspar plate, and a section of the polariser and its fittingij 

The calcspar plate supplied with this instrument is used tgt 
Tie purpose as that which is fitted in the stauroscopj 
described at p, 81. The t^iiairU. ^\w.e a?iai4^ 1. deUcat 
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ng the maxima of extinction in doubly refracting 
ce, so long as an axis of elasticity fails to coincide 
incipal section of one of the crossed Nicols, the 
of the field is disturbed, and is only restored when 
is effected. It also affords a valuable means of 
rticles of isotropic matter in rock-sections. 
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{According to Max Schuster.') 
D cleavage plates taken parallel to oP. 
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Oligoclase . 
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Labradorite 
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Bytownite . 
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Anorthite . 
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Albite 
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OEgoclase . 


- . . + 3° 


Andesine . 


- 4° 


Labradorite 


. . , -It 


Bytownite . 


. . . -29" 


Anorthite . 
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The directions of extinction termed positive and negative 
re indicated in the following figure, 

Orthoclase and sanidine may be diM 
tinguished from microcline, in plates cleaved 
parallel to the basal plane, by the ; 
mum extinction in the former occurrii* 
when the edge formed by the faces oP a 
CO P CO coincides with the principal sect 
of one of the crossed Nicols, while in micro 
dine maximum extinction takes place whei 
the edge formed by oP and 00 p 00 i 
clined about 15° to the principal seccioi 
of one of the crossed Nicols. 

' From Vol. bcxx. Sitib. det V.. ft-VaA. a«N^\^>5Et>5jt'tv. -^v. \.\-iT ^-S-i. 
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